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PBEFACE TO ITBST ESITIOir. 



In preparing' this manual the following points have been 
kept especially in view: (1) To provide a simple and com- 
prehensive text designed to anticipate and supplement, 
rather than replace, the Usual elaborate treatise. (2) To 
bring the student into immediate familiarity with approved 
surveying methods. (3) To cultivate the student's skill in 
the rare arts of keeping good field notes and making re- 
liable calculations. 

It is believed that the discussions of the different instru- 
ments, their use and theory, at the beginning of the sev- 
eral chapters is unusually simple, especialljr in the rela- 
tions of the elementary lines. 

The several series of practice problems at the conclusion 
of the respective chapters are arranged so as to give the 
student familiarity with the use of the instrument before 
taking up its theory and adjustments, this order being 
more effective than the reverse. The interest of the stu- 
dent may be stimulated and his gain in skill promoted by 
giving him practice with level and transit very early in the 
course, after which the scope of the work may be much 
more flexible both for student and instructor. 

Since the list of problems is more extended than can be 
covered in the time usually available for surveying field 
practice, some range is permitted in the choice of work 
from year to year and under varying local conditions. By 
using some discrimination in selecting the more- important 
problems for actual field work, the others may be covered 
sufBciently by class room discussions. 

The consistent treatment of errors of surveying receives 
attention throughout the book. The methods of work both 
in the field and office are designed to reveal and, as far 
as possible, to eliminate blunders and errors, and the testa 
of precision are borrowed from the most rational current 
practice. The distribution of residual errors falling within 
the permissible limits likewise receives due consideration. 
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PRBPACB. 

An important innovation in this manual is the liberal 
use of field note and other forms executed according to the 
standard required of the student in like work. The high 
value of such samples in developing the student's skill in 
this important detail of field work has been well estab- 
lished. It will be seen that the forms are prescribed Id 
liberal numbers in the earlier stagea of the work while the 
student is engaged in fixing a standard of quality, but that 
farther on he is required more and more to devise his own 
forms. A valuable feature of this system is the liberal 
amount of practice obtained in freehand lettering which 
has marked effect on the drafting and other work. 

It is suggested that the student should be trained to be 
self-reliant by' requiring iim to verify his own results 
before submitting them for criticism. Likewise he should 
be encouraged to be genuine by placing him on his honor. 

This somewhat informal guide to field and office methods 
is issued primarily for the use of the authors' classes, but 
it is hoped that others as well may find it of value in pre- 
senting principles to the beginner, and in cultivating his 
spirit and manual skill. 

December, 1900. W. D. P. 

M. S. K, 



PBEFACE TO THIRD EDITION. 

This third edition is issued to meet the call tor the man- 
ual at various technical institutions and from practicing 
engineers. With a view to increase the value of the book 
both for teaching and reference purposes, various revisions 
and additions have been made. Among these are the full 
scale sample of field notes on the Inset sheet at the back 
of the book. 

The authors desire to acknowledge the valuable sugges- 
tions and criticisms received from various sources. 

August, 1903. W. D. P. 

M. S. K. 



PREFACE TO FOURTH EDinON. 

In thle enlargred edition the book has been reTiBed, 
nearlj all the cuts have been redrawn, natural, logarithmic 
and trigonometric tables have been added, and the entire 
book has been reset and recast. The book has been critic- 
ally revised and many cbangres and revisions hare been 
made to increase its usefulness. The extensive use of the 
book has been due to the following important features, 
which are retained in the present edition. 

1. Clear, definite and concise descriptions of surveying* 
instruments and surveying methods. 

2. Clear, definite and concise instructions for surveying 
field practice, 

3. Carefully arranged and well executed forms of field 

4. The field practice unit has been taken as the squad ; 
the idea iDcing to give definite individual training. 

5. By giving allowable limits of precision the critical 
instinct of the student is developed and he Is taught to 
use consistent accuracy. 

6. The main idea has been to train and develop engi- 
neering students by a, study of surveying, rather than to 
teach the trade of surveying. 

The thanks of the authors are due the McGraw-Hill 
Book ComFany for the use of the tables giving squares, 
cubes, square roots, cube roots and properties of circles, 
taken from Harger and Bonney's "Highway Engineers' 
Handbook " ; and to the J. B. Lippincott Company for the 
use of the tables of five-place logarithms of numbers and 
of logarithmic functions of angles taken from Suplee's 
" Five Place Logarithms," and the tables of five place 
natural functions of angles taken from Suplee's " Mechan- 
ical Engineers' Reference Book." 

The thanks of the authors are also due the Publication 
Committee of the American Railway Engineering Associ- 
ation for permission to print an abstract of " Conventional 
Signs and Symbols" adopted by the Association. 

The authors desire to express their appreciation for the 
many suggestions received, 

April, 1915. W. D, P. 

M. S. K. 
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SPECIFICATIONS FOR A GOOD ENGINEER. 

" A good engineer must be of inflexible integrity, sober, 
truthful, accurate, resolute, discreet, of cool and sound 
judgment, must have command of his temper, must have 
courage to resist and repel attempts at intimidation, a firm- 
ness that is proof agninst solicitation, flatter; or improper 
bias of any kind, must take an interest In his work, must 
be energetic, quick to decide, prompt to act, must be fair 
and impartial as a judge on the bench, must have experi- 
ence in his work and in dealing with men, which implies 
some maturity of years, must have business habits and 
knowledge of accounts. Men who combine these qualities 
are not to be picked up every day. Stiii they can be found. 
But they are greatly in demand, and when found, they are 
worth their price ; rather they are beyond price, and their 
value can not be estimated by dollars." — Chief Engineer 
Btarling'g Report to the MigaiaHppi Levee CommUsioners. 

" Be sure yon are right, and then go ahead." — D. Crockett. 
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CHAFTES I. 
GEHEBAL INSTBTTCTIOHS. 



FIELD WORK. 

Habltnal CorroctoeBS.— Habitual correctness Is a dnty. 
Error should be looked upon as probable, and every precau- 
tion taken to verify data and results. Unchecked work may 
' always be regarded as doubtful. A discrepancy which is 
found by the maker in time to be corrected by him before 
any damage is done is not necessarily discreditable, pro- 
Tided the error ia not repeated. However, habitual error 
is not only discreditable bat dishonorable as well, and noth- 
ing except intentional dishonesty injures the reputation o( 
the engineer more quickly or permanently. 

Consistent Accuracy. — The degree of precision sought 
in the field measurements should be governed strictly by the 
dictates of common sense and experience. Due considera- 
tion of the purposes of the survey and of the time available 
■will enable one to avoid extreme precision when ordinary 
care would suffice, or crudeness when exactness is required, 
or inconsistency between the degrees of precision observed 
in the several parts of the survey. It is a very common 
practice of beginners, and of many experienced engineers 
as well, to carry calculated results far beyond the consistent 
exactness. 

Speed. — Cultivate the habit o( doing the field work 
quickly as well as accurately. True skill involves both 
quantity and quality of results. However, white the habit 
of rapid work can and should be acquired, the speed at- 
tempted in any given problem should never be such as to 
cast doubt upon the results. Slowness due to laziness is 
intolerable. 

Familiarity Trith Instructiooe. — The instructions for 
the day's work should be read over carefully, and prelim- 
inary steps, such as the preparation of field note forms, 
should be taken so as to save time and make the work in 



2 I '^ (JENEISAL INSTRUCTIONS. 

the" fleU ai effefttivi afa' })tisdb1e The ability and also the 
desire to understand and obej instructions are as essential 
as the skill to execute them. 

Inferior Inetruments. — Should a poor instrument or 
other equipment be assigned, a special effort should be made 
to secure excellent results. In actual practice, bcginnerB 
often have to work with defective instruments, but they 
should never seek, nor are they permitted, to justify poor 
results by the character of the field equipment. The stu- 
dent should therefore welcome an occasional opportunity to 
secure practice with poor instruments. 

Alternation of DntieB,— The members of each party 
should alternate in discharging the several kinds of service 
involved in the field problems, unless otherwise instructed. 
Training in the subordinate positions is essential whether 
the beginner is to occupy them in actual practice or not, 
for intelligent direction of work demands thorough knowl- 
edge of all its details. 

Field Practice Deconun. — The decorum of surveying 
field practice should conform reasonably to that observed 
in other laboratory work. 

THE CARE OF FIELD EQUIPMENT. 

RESPONSIBILITY.— The student is responsible for the 
proper use and safe return of all equipment. All cases of 
breakage, damage, loss or misplacement must be reported 
promptly. The equipment should be examined when as- 
signed and a report made at once of any injury or de- 
ficiency found, so that responsibility may be properly 

PRECAUTIONS.— Careful attention to the following 

practical suggestions will save needless wear to the equip- 
ment and reduce the danger of accidents to a minimum, 
besides adding to the quality and speed of the work. 

Tripod. — Inspect the tripod legs and shoes. The leg ia 
of the proper tightness if, when lifted to an elevated posi- 
tion, it sinks gradually of its own weight. The tripod 
shoes should be tight and have reasonably sharp points. 

Setting Up Indoors. — In setting up the instrument in- 
doors press the tripod shoes firmly into the fioor, prefer- 
ably with each point In a crack. Avoid disturbing other 

Instrument Case. — Handle the instrument gently in re- 
moving it from and returning it to the case. It is always 
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beat to place the hands beneath tbe leveling' base In haod- 
tin^ the detached instrument. Considerable patience is 
sometimes required to close the lid after returning the In- 
strument; i( properly placed the lid closes Ireely. 

Kountiiig tbe Instrument. — See that the instrument 
is .securely, attached to tbe tripod before shouldering it. 
Undue baste in this particular sometimes result^ in costly 
accidents. When screwing the instrument on tbe tripod 
bead, it should be turned in a reverse direction until a slight 
jar is felt, indicating that the threads are properly engaged. 

SuiubadQ. — Always attach the sunsbade regardless of 
tbe kind of weather. The sunshade is a. part of the telescope 
tube and the adjustment of a delicate instrument may 
sometimes be affected by its absence. In attaching or re- 
moving the sunshade or object glass cap, always hold the 
telescope tube firmly with one band and with tbe other 
twist tbe shade or cap to the rishl to avoid unscrewing tbe 
object glass cell. 

Carrying the Instrument. — Do not carry tbe instru- 
ment on the shoulder in passing through doors or in climb- 
ing fences. Before shouldering tbe instrument, the prin- 
cipal motions should be slightly clamped; with the transit, 
clamp the telescope on the line of centers ; and with the 
level, when tbe telescope is hanging down. In passing 
through timber with low branches, give special attention 
to tbe instrument. Before climbing a fence, set the instru- 
ment on tbe opposite side with tripod legs well spread. 

Setting Up In the Meld.— Wben setting up in the field, 
bring the tripod legs to a firm bearing with the plat«s ap- 
proximately level. Give the tripod legs additional spread 
is ■windy weather or in piaees where the instrument may 
be subject to vibration or other disturbance. On side-hilt 
work place one leg up bill. With the level, place two 
tripod shoes in tbe general direction of the line of levels. 

Exposure of Instrument. — Do not expose tbe instru- 
ment to rain or dampness. In threatening weather the 
water proof bag should tie taken to the field. Should the 
Instrument get wet, wipe it thoroughly dry before return- 
ing it to tbe case. Protect the instrument from dust and 
dirt, and avoid undue exposure to tbe burning action of the 
Bun. Avoid subjecting it to sudden changes of tempera- 
ture. In cold weather when bringing an instrument in- 
doors cover the instrument with the bag or return it to 
tbe case immediately to protect tbe lenses and graduations 
frona condensed moisture. 
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4 GENERAL INSTRUCTIONS. 

Guarding the InBtrnment. — Never leave as instrument 
iingiiarded in exposed Bituations such as in pastures, near 
driveways, or where blasting' la in prepress. Never leave 
an instrument standing on its tripod over night In a room, 

Kanipulatlon of Instrument. — Cultivate from the very 
beginning the habit of delicate manipulation of the instru- 
ment. Many parts, when once impaired, can never be re- 
stored to their original condition. Rough and careless 
treatment of field instruments is characteristic of the un- 
skilled observer. Should any screw or other part of the in- 
strument work harshly, call immediate attention to it so 
that repairs may be made. Delay in such matters is very 
destructive to the instrument. * 

Toot ScrewB. — In leveling the Instrument, the foot screws 
should be brought just to a snug bearing. If the screws are 
too loose, the instrument rocks, and accurate work can not 
be done ; if too tight, the instrument is damaged,' and the 
delicacy and accuracy of the observations are reduced. Much 
needless wear of the foot screws may be avoided if the 
plates are brought about level when the instrument is set 
up. With the level, a pair of foot screws should be shifted 
to the general direction of the back or fore sight before 
leveling up. 

Eyepiece. — Before beginning the observations, focus the 
eyepiece perfectly on the cross-hairs. This is l)est done by 
holding the note book page, handkerchief, or other white 
object a foot or so in front of the object glass so as to illum- 
inate the hairs; and then, by means of the eyepiece slide, 
focus the microscope on a speck of dust on the cross-hairs 
near the middle of the Held, To have the focusing true for 
natural vision, the eye should be momentarily closed sev- 
eral times between observations in order to allow the 
lenses of the eye to assume their normal condition. The 
omission of this precaution strains the eye and is quite cer- 
tain to cause jiarallax. After the eyepiece is focused on the 
cross-hairs, test for parallax by sighting at a well defined 
object and observing whether the cross-hairs seem to 
move as the eye is shifted slightly. 

Clamps. — Do not overstrain the clamps. In a well de- 
signed instrument the ears of the clamp screw are purpose- 
ly made small to prevent such abuse. Find by experiment 
just how tight to clamp the instrument in order to prevent 
slipping, and then clamp accordingly. 

Tangent Screws. — Use the tangent screws for slight 
motions only. To secure even wear the screws should 
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be used equally in all parts of their length. The uae of the 
wrong tan^nt movement is a fruitful source of error with 
beginners. 

Adjusting Screws. — Unleas the instrument is assigned 
expressly for adjustment, do not disturb the adjusting 

Kagnetic Needle. — Always lift the needle before should- 
ering the instrument. Do not permit tampering with the 
needle. If possible, avoid subjecting the needle to mag- 
netic influence, such as may exist on a trolley car. Should 
the needle become reversed in its polarity or require re- 
magnetization, it may be removed from the instrument and 
brought into the magnetic field of a dynamo or electric 
motor for several minutes, the needle being jarred slightly 
during the exposure ; or a good horseshoe magnet may 
be used for the same purpose. The wire coil counterbalance 
on the needle will usually require shifting after the fore- 
going process. 

Lenses. — Do not remove or rub the lenses of the tele- 
scope. Should it be absolutely neceggary to clean a lens, use 
a very soft r^ with caution to avoid scratchiog or marring 
the polished surface. Protect the lenses from flying sand 
and dust, which in time seriously aftect the deflaition of 
the telescope. 

Plumb Bob. — Do not abuse the point of the plumb bob 
and avoid needless knots in the plumb bob string. 

Cleaning Tripod Shoes. — Bemove the surplus soil frovn 
the tripod shoes before bringing the instrument indoors. 

Leveling Sods. — Leveling rods and stadia boards should 
not be leaned against trees or placed where they may falL 
Avoid injury to the clamps, target and graduations Do not 
marit the graduations with pencil or otherwise. Avoid 
needless exposure of the rod to moisture or to the sun. 

Flag Poles. — Flag poles should not be unduly strained 
and their points should be properly protected. 

Chains and Tapes. — Chains should not be jerked. Avoid 
kinks in steel tapes, especially during cool weather. When 
near driveways, in crowded streets, etc., use special care to 
protect the tape. Band tapes will be done up in 5-foot 
loops, figure 8 form, unless reels are provided. Etched tapes 
should be wiped clean and dry at the end of the day's work, 

Azea and Hatchets. — Axes and hatchets will be em- 
ployed for their legitimate purposes only. Their wanton 
nse in clearing survey lines is forbidden, and their use at all, 
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for such purpose, oti private premises must be governed 
strictly b7 the righta of the owner. 

Stakes.— The consumption of stakes should be controlled 
by reasonable economy, and surplus stakes returned to 
the general store. For the protection of mowing machines 
in meadows, etc., hub stakes should be driven flush with 
the surface of the ground, and other stakes should be left 
high enough to be visible. Whenever practicable, stakes 
which may eniianger machines should be removed after 
serving the purpose for which they were set. 

FIELD NOTES. 

Scope of Field Notsa. — The notes should be a complete 
record of each day's work in the field. In addition to the 
title of the problem and the record of the data observed, 
the field notes should include the date, weather, organiza- 
tion of party, equipment used, time devoted to the prob- 
lem, and any other information which is at all likely to be 
of service in connection with the problem. No item prop- 
erly belonging to the notes should be trusted to memory. 
Should the question arise as to the desirability of any item, 
it is always safe to include it. The habit of rigid self criti- 
cism of the field notes should be cultivated. 

Character of Notes. — The field notes should have char- 
acter and force. As a rule, the general character of the 
student's work can be judged with considerable certainty 
by the appearance of his field notes. A first-dass page of 
field notes always commands respect, and tends to estab- 
lish and stimulate confidciice in the recorder. The notes 
should be arranged systematically. 

Interpretation of Notes. — The field notes should have 
one and only one reasonable interpretation, and that the 
correct one. They should be perfectly legible and easily 
understood by anyone at all familiar with such matters. 

Original Notes. — E^ch student must keep complete notes 
of each problem. Field notes must not be taken on loose 
slips or sheets of paper or in other note books, but the 
original record must be put in the prescribed field note 
book during the progress of the field teork. 

Field Note Book. — The field record must be kept in the 
prescribed field note book. For ease of identification the 
name of the owner will be printed in bold letters at the 
top of the front cover of the field note book. 
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FendL — To Insure permanency all notes will be kept 
with a hard pencil, preferably a 4H. The pencil should be 
kept well sharpened and used with sufficient pressure to 
indent the surface of the paper somewhat. 

Title Page. — An appropriate title page will be printed 
on the first page of the field note book. 

Indexing and Cross Beferendng. — A systematic index 
of the field notes will be kept on the four pages following 
the title page. Selated notes on different pages will be lib- 
erally and plainly cross referenced. The pages of the note 
book will be numbered to facilitate indexing. 

Hethods of Recording Field Notes.— There are three 
general methods of recording Held notes, namely: (I) by 
sketch, (2) by description or narration, and (3) by tabula- 
tion. It is not uncommon to combine two or perhaps all 
three of these methods In the same problem or survey. 

rorm of Notes. — All field notes must be record^ in a 
field note book ruled as shown below, except where cir- 
cumstances require modification. If no form Is given, the 
student will devise one suited to the particular problem. 

Iietterlng. — Field notes will be printed habitually in the 
" Engineering News " style of freehand lettering, as treated 
in Eeinhardt's "Freehand Lettering." The body of the field 
notes will be recorded in the slanting letter and the head- 
ings will be made in the upright letter. The former slants 
to the right 1 : 2.5 and the so-called upright letter is made 
to slant to the left slightly, say 1 : SS. Lower case letters 
will be used in general, capitals being employed for initials 
and important words, as required. In the standard field 
note alphabet the height of lower case letters a, e, e, i, m, 
n, etc., is ^ inch, and the height of lower case b, d, f, 
g. h, etc., and of all capital letters and all numerals is 
%> (!^) inch; lower case t is made four units (^o) inch 
Ikigh. This standard accords with best current practice and 
is based upon correct economic principles. Sample pages 
of field notes with letters and figures drawn full size are 
given on page 9. The student is expected to make the most 
of this opportunity to secure a liberal amount of practice 
in freehand lettering. 

Tleld Note Sketches. — Sketches will be used liberally 
in the notes and will be made in the field. If desired, a ruler 
may be used in drawing straight lines, but the student is 
urged to acquire skill at once In making good plain free- 
hand sketches. The field sketches should be bold and clear, 
In fair proportion, and of liberal size so aa to avoid con- 
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fasioii of detail. The exaggeration of certain details in a 
separate sketch sometimes adds greatly to the clearness of 
the notes. The sketches should be supplemented by de- 
scriptive statements when helpful, and important points of 
the sketch should be lettered for reference. The precise 
scaling of sketches in the field note book, while sometimes 
necessary is usually undesirable owing' to the time con- 
sumed. It is also found that undue attention to the draft- 
ing of the sketch is very apt to occupy the mind and cause 



important numerical data. Since recorded 
figures and not the size of the field sketch itself must usual- 
ly be employed in the subsequent use of the notes, it is Im- 
portant to review the record before leaving the field to det«ot 
omissions or inconsistencies. Making sketches on loose 
sheets or in other books and subsequently copying them 
into the regular field book is very objectionable practice 
and will not be permitted in the class work. Copies of field 
notes or sketches are never as trustworthy as the original 
record made during the progreea of the field work. In very 
rapid surveys where legibility of the original record must 
perhaps suffer somewhat, it is excellent practice to tran- 
scribe the notes at once to a neighboring page, thus pre- 
serving the original rough notes for future reference. The 
original has more weight as evidence, but the neat copy 
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made before the notes are " cold " ia of g^reat help in Inter- 
preting them. 

Nomarical Data. — The record of numerical data should 
be conGiatenI with the precision of the survey. In obaer- 
vationa of the satna class a uniform number of decimal 
places should be recorded. When the fraction in a result 
is exactly one-half the smallest unit or decimal place to be 
observed, record the even unit. Careful attention should 
be given to the legiMlity of numerals. This is a matter ia 
which the beginner is often very wealc. This defect can be 
corrected best by giving studious attention and practice to 
Ijoth the form and vertical alinement of tabulated numerals. 

Erasnraa — Erasures In the field notes should be avoided. 
In case a figure ia incorrectly recorded, it should l>e 
crossed out and the correct entry made near by. The neat 
cancellation of an item In the not«a inspires confidence, 
but evidence of an erasure or alteration casts doubt 
upon their genuineness. When a set of notes becomes so 
confused that erasure seems desirable, it should be tran- 
Bcribed, usually on another page. Kejection of a page of 
notes should be indicated by a neat cross mark, and cross 
reference should be made between the two places. 

Office Copies. — Ofiice copies of field notes will be sub- 
mitted promptly, aa required. These copies must be actual 
transcripts from the original record contained in the field 
note book of the individual submitting the copy. When 
office copies are made, a memorandum of the fact should 
be entered on the p^e of the field note book. When so 
specified, the office copies will be executed in india ink. 

Critlclam of Field Notes.— The field notes must be kept 
in shape for inspection at any time, and be submitted on 
call. All calculations and reductions must be kept up to 
date. The points to which chief attention should be di- 
reeted in the criticism of the field notes are indicated in the 
following schedule. The student is expected to criticise his 
own notes and submit them In as perfect condition as pos- 
sible. For simplicity the criticisms will be indicated by 
stamping on the note book page the reference letters and 
numbers shown in the schedule. 
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A. STTBJECT MATTEB. 

(i: 



) Ghneral: 
a) Descriptive title of problem. 

(b) Date. 

(c) Weather. 

(d) Organization of party. 

(e) EJquipment tised. 

(f ) Time devoted to the problem, 

(g) Indexing and cross referencing, 
(h) Page numbering. 

(1) Title page. 

(j) IdentiJication of field nota book. 
<3) B«coTd of Data: 

(a) Accuracy, 

(b) Completeneaa. 

(c) Consistency. 

(d) Arrangement. 

(e) Originality, 
B. EXECUTIOir. 

(1) Lettering: 

(a) Style. ("Engineering Newa") 

(b) Size, (a, c, e, i, etc., ^ inch high ; b, d, f. g, etc.. 
A, B, C, et«., and 1, 2, 3, etc, %, (i^) inch hi^*; t, ^o 
Inch.) 

(c) Slant. (In body of notes, "slanting," 1:2.5 right; 
In headings, " upright," about 1 : 35 to left.) 

(d) Form. (See Reinhardt's " Freehand Lettering.") 

(e) Spacing. (Of letters in words; of numerals; of 
words ; balancing in column or across page.) 

(f) Alinement. (Horizontal; vertical.) 

(g) Permanency. (Use sharp hard pencil with pressure.) 

(2) Sketctw. 

'(a) To be bold, clear and neat. 

(b) To be ample in amount. 

(c) To be of liberal size. 

(d) To be in fair proportion. 

(e) To be made freehand. 

(f ) To be made in the field. 
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OFFICE WORK. 

Importance of Office Work. — Capable ofiice men are 
comparatively rare. Skill in drafting and computing is 
within the reach of most men who will devote proper time 
and efTort to the work. Men who are skillful in both Held 
and office work have the largest opportunity for advance- 

CalcnlatlonB. — All calculations and reductions of a per- 
manent character must be shown jn the field note book in 
the specified form. Cross references between field data and 
calculations should be shown. Consistency between the 
precision of computed results and that of the observed dat^ 
should be maintained. Computed results should be verified 
habitually, and the verified results indicated by a check 
mark. Since most computers are prone to repeat the same 
error, it is desirable in checking calculations to employ in- 
dependent methods and to follow a diiTerent order. A 
fruitful source of trouble is in the transcript of data, and 
this should be checked first when reviewing doubtful cal- 
culations. Skilled computers give much attention to 
methodical arrangement, and to contracted methods of 
computing and verifying results. Familiarity with the 
slide rule and other labor saving devices is important. 
(See Chapter X, Methods of Computing.) 

Drafting Boom Equipment. — The student Is respon- 
sible for the proper use and care of drafting room furni- 
ture and equipment provided for his use. 

Drafting, — The standard of drafting is that indicated in 
Reinbardt's " Technic of Mechanical Drafting." 

Drafting Boom Decorum. — The decorum of the student 
in the drafting room will conform to that observed in first- 
clasa city drafting offices. 
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METHODS OF FIELD WORK. 

TTnlts of MoaBure.^In the United States the foot is used 
by civil engineers in field meaBiirements, Fractions of a 
foot are expressed decimally, the nearest 0.1 being taken 
in ordinary Burveya, and the nearest 0.01 foot (say '^ 
inch) in more refined work. 

In railroad and similar " line " surveys by which a station 
stake is set every 100 feet, the unit ut measure is really 100 
feet instead of the foot. The term " station " was originally 
applied only to the actual point indicated by the number^c 
stake, but it ia now universal practice in this country to 
use the word station in referring to either the point or the 
100-foot unit distance. A fractional station is called a 
" plus " fol" the reason that a plus sign is used to mark thfi 
decimal point for the 100-foot unit, the common decimal 
point being reserved for fractions of a foot. The initial or 
starting stake of such a survey is numbered 0. 

The 100-foot chain is commonly called the " engineers' 
chain" to distinguish it from the 66-foot or 100-link chain 
which is termed the " surveyors' chain " because of its 
special value in land surveys involving acreage. The latter 
is also called the Gunter chain after its inventor, and is 
otherwise known as the four-rod or four-pole chain. 
British engineers use the Ounter chain for both line and 
land . surveys. The " surveyors' " or Gunter chain, while 
no longer used in actual surveying, is described in this book 
for tJie reason that the United States rectangular surveys 
were made throughout with the 66-foot chain. 

In the Spanish- American countries the vara Is generally 
used in land surveys. The Castillan vara is 33.8748 inches 
long, but the state of California has adopted 33.372 inches, 
and Texas 33% inches, as the legal length of the vara. 

While the metric system is used exclusively, or in pfirt, in 
13 
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each of the several United States gfovemment aurveys, ex- 
cept those for public landa, little or no progrese has been 
made towards its introduction in other than government 
Burveys. 

Iilnear Meaaoring Instnunenta. — Two general types of 
linear measuring deyices are used by surveyors, viz., the 
common chain and the tape. There are several kinds of 
each, according to the length, material,. and method of 
graduation. 




<i 



rig. 1. 



The common chain is made up of a series of links of 
wire having loops at the ends and connected by rings so as 
to afford flexibility. The engineers' chain is shown in (a). 
Fig, 1, the illustration being that of a 50-foot chain, or one- 
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half the length generalljr used. The aurvejora' or Ounter 
chain is shown in (b). Fig. 1. In the common chain the 
end graduation is the center of the cross bar of the handle, 
and every tenth foot or link is marked by a notched brass 
tag. In the 100-foot or 100-link chain the number of pointa 
on the tag indicates the multiple of t«n unita from the nearer 
end, and a circular tag marks the middle of the chain. 
The chain is done up hour-glass shape, as shown in the cut. 

Chaining pins made of steel wire are used in marking the 
end of the chain or tape in the usual process of linear 
measurement. A set of pins usually numbers eleven, as 
indicated at (c), Fig. I. The pins are carried on a ring 
made of spring steel wire. 

The flat steel band, shown in (d) and (e), Fig. 1, is the 
best form of measuring device for most kinds of work. The 
band tape is usually 100 feet long. The end graduations of 
the band tape are usually indicated by brass shoulders, 
which should point in the same direction, as shown in (f). 
Fig. 1. The 100-foot band tape is commonly graduated 
every foot of Its length, and the end foot to erery 0.1 foot, 
every fifth foot being numbered on a brass sleeve. Brass 
rivets are most commonly used in graduating this tape. 
The band tape may be rolled up on a special reel, as indi- 
cated in (d) and (e), although some engineers dispense 
with the reel and do up the tape in the form of the figure 8 
la loops of five feet or so. 

The steel tapes shown in (g) and (h) have etched gradu- 
ations. This style of tape is commonly graduated to 0.01 
foot or ^ inch. It is more fragile than the band tape and 
Js commonly used on more refined work. The form of the 
case shown in (h) has the advantage of allowing the tape 
to dry if woand up while damp. 

The "metallic" tape (i), Fig. 1, is a woven linen line hav- 
ing fine brass wire in the warp. 

The steel tape is superior to the common chain chiefly 
because of the permanency of its length. The smoothness 
and lightness of the steel tape are often important advan- 
tages, although the latter feature may be a serious draw- 
back at times. The tape is both easier to break and more 
difficult to mend than the common chain. 

Tapes for measuring base lines with great precision have 
recently been made of Invar steel. Invar steel has a very 
small coefficient of expansion. Invar steel tapes are very 
expensive. 
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Chaining. — In gfeneral, the horizontal distance is chained. 
Two persona, called head and rear chainmen, are required. 
The usual process is as follows : 

The line to be chained is first marked with range poles. 
The bead citainman casts the chala out to the rear, and 
after setting one marking pin at the starting point and 
checking up the remaining ten pins on his ring, steps 
briskly to the front. The rear chainman allows the chain 
to pass tlirongh his hands to detect kin^s and lient links. 
Juat before the full length is drawn out, the rear chainman 
calls " halt," at which the head chainman turns, shakes out 
the chain and atraiglitens It on the true line under the 
direction of the rear chainman. In order to allow a clear 
sight ahead, the front chainman should hold the chain 
handle with a pin in his right hand well away from his 
body, supporting the right elbow on the right knee, if de- 
sired. The rear chainman holds the handle in his left hand 
approximately at the starting point and motions with his 
right to the head chainman, his signals being distinct both 
as to direction and amount. Finally, when the straight 
and taut chain has been brought practically into the true 
line, the rear chainman, slipping the handle behind the pin 
at the starting point with his left hand, and Eteadying the 
top of the pin with his right, calls out " stick." The head 
chainman at this instant sets his pin in front of the chain 
handle and responds "stuck," atwbich signal ondnot be/ore 
the rear chainman pulls the pin. 

Both now proceed, the rear chainman giving the prelim- 
inary "halt" signal as he approaches the pin Just set by 
the head chainman. The chain is lined up. stretched, the 
front pin set, and the rear pin pulled on signal, as described 
for the first chain length. This process is repeated until 
the head chainman has set his tenth pin, when be calls 
" out " or " tally," at which the rear chainman walks ahead, 
counting his pins as he goes and, if there are ten. transfers 
them to the head chainman who also checks them up and 
replaces them on his ring. A similar check in the pins may 
bd made at any time hy remembering that the sum, omit- 
ting the one in the ground, should be ten. This safeguard 
should be taken often to detect loss of pins. The count of 
tallies should be carefully kept. 

When the end of the line is reached, the rear chainman 
steps ahead, and reads the fraction at the pin, noting the 
units with respect to the brass tags on the chain. The 
number of pins in the hand of the rear chainman indicates 
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the number of applications of the chain since the starting 
or last tally point. A tike method is used in case inter- 
mediate points are to be noted along the line. 

On sloping ground the horizontal distance may be ob- 
tained either by leveling the chain and plumbing down 
from the elevated end, or by measuring on the slope and 
correcting for the inclination. In ordinary work the for- 
mer is preferred, owing to its simplicity. In " breaking 
chain " up or down a steep slope, the head chainman first 
carries the full chain ahead and places it carefully on the 
true line. A plumb bob, range pole or loaded chaining P'" 
should be used in plumbing the points up or down. The 
segments of the chain should be In multiples of ten units, 
as a rule, and the breaking points should be " thumbed " 
by both chainmen to avoid blunders. Likewise, special cau- 
tion is required to avoid confusion in the count of pins dur- 
ing this process. 

The general method of measuring with the band tape is 
much the same as with the common chain. The chief dif- 
ference is due to the fact that the handle of the tape extends 
beyond the eiid graduation, so that it is more convenient 
for the head chainman to hold the handle in his left hand 
and rest his left elbow on his left knee, setting the pin with 
his right hand. Another diflerence is in the method of 
reading fractions. It Is best to read the fraction fir»t bv 
estimation, as with the chain, making sure of the feet ; then 
shifting the tape along one foot, getting an exact decimal 
record of the fraction by means of the end foot graduated 
to tenths; the nearest 0.01 foot is estimated, or in especially 
refined work, read by scale. 

In railroad and similar line surveys, chaining pins are 
usually dispensed with and the ends of the chain are indi- 
cated by numljered stakes. The stake marked corre- 
sponds to the pin at the starting point, and the station 
stakes are marked thence according to the number of 
100-foot units laid oif. 

Perpendiculars.— Perpendiculars may be erected and let 
fall with the chain or tape by the following methods: 

(a) By the 3 : 4 : S method, shown in (a). Fig. 3, in which 
a triangle having sides in the ratio stated, is constructed. 

(b) By the chord bisection method, shown in (b), Fig. 2, 
in which a line is passed from the bisecting point of the 
chord to the center of the circle, orvice versa. 
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(c) By the semicircle method, shown in (c), Fig. Z, in 
which a semicircle ia made to contain the required perpen- 
dicular. 

The first method cori^sponds to the use of the triangle 
in drafting. Good intersections are essential in the second 
and third methods. Results may be verified either by usin^ 
another process, or by repeating the same method with tlie 
measurements or position reversed, as indicated in (d). 
Fig. 2. 



/ 



u — I i 







Fig. 2 

In locating a perpendicular from a remote point, the 
ratio method shown in (e), Fig. 2, may be used; or a care- 
ful trial perpendicular may be erected at a point estimated 
by placing the heels squarely on line and swinging the 
arms to the front, then proving by precise method. 

FarallelB. — Parallels may be laid aft with the chain in 
various ways, a few of the simpler of which are : 

(a) By equal distances, as in (a), Fig. 3, in which two 
equal distances are laid off, iiaually at right angles to the 
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(b) By simiUr triangles, aa io (b) and (c), Figr. 3. Ths 
ratio may, of course, have any value. 

(c) By alternate anglea, as in (d). Pig. 3, in which two 
equal angles are laid off in alternation. 

The first method is adapted to laying off a rectangle, as 
In staking out a building, in which case a good cheek is 
found in the equality of the diagonals. Precision of aline- 
ment is important, especially where a line is prolonged. 

Anglea.^Angles ma; be determined b; linear measure- 
ments in the following ways : 

(a) By the chord method, shown in (a), Fig. 4, in which 
the radius is laid oH on the two lines forming the angle, 
and the chord measured. 

(b) The tangent method, shown in (b), Fig. i, in which 
a perpendicular is erected at one end of the radnuB, and the 
length of the perpendicular intercepted by the two lines 
measured. 

(c) The sine-cosine method, (c). Fig. 4, which is better 
suited to constructing than to measuring angles. 

The chord method is usually the most satisfactory. The 
tangent method may be applied to the bisected angle when 
its value approaches a right angle, Measurement of the 
supplementary angle affords an excellent check. A 100-foot 
radius is commonly used, although good results may be had 
with the 50-foot tape. Careful alinement is of the first im- 
portance In angular measurements. 

It is sometimes necessary to determine angles, at least 
approximately, when no tables are at hand. Fair results 
may be had on smooth ground by measuring the actual arc 
struck off to a radius of 57.3 feet. 

For very small angles, the sine, chord, arc and tangent, 
(d), Fig. 4, are practically equaL Thus, sin 1° is .017452 
and tan 1", .017435, or either (say) .01745, or 1% per cent. 
Also, arc 1' is .000391, or (say) .0003 (three zeros three) ; 
and, arc 1' is .00000485, (say) .000005 (five zeros five). 

Location of PolntB.— Points are located in surveying 
field practice in the following seven ways. 

(a) By rectangular coordinates, that is, by measuring 
the perpendicular distance from the required point to a 
given line, Snd the distance thence along the line to a 
given point, as in (a). Fig. 5. 

(b) By focal coordinates or tie lines, that is, by meaa- 
orlng the distances from the required point to two given 
points, aa in (b). Fig. 5. 
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(c) By polar coordinates, that is, by measuring the angle 
between a piven line and a line drawn from any given point 
of it to the required point ; and also the length of this 
latter line, as in (c). Fig. 5. 

(d) By modified polar coordinates, that is. by a distance 
from one known point and a direction from another, as in 



(d).: 



r-5. 



(e) By angular intersection, that Is, by measuring the 
angles made with a given line by two other lines starting 
from given points upon it, and passing through the re- 
quired point, as in (e). Fig. 5. 

(f) By resection, that ia, by measuring the angles made 
with each other by three lines ot sight passing from ths 
required point to three paints, whose positions are known, 
as in (f). Pig. 5. 

(g) By diagonal intersection, that is, by two lines joining 
two pairs of points so as to intersect in the required point, 
as in (g). Fig. 5. 

I" /^ /' yv 

' * / V A /^< S A/ %As 

Fig. 5. 

In eaeh of these methods, except (f), the point is deter- 
mined by the intersection of either two right lines, or two 
circles, or a right line and a circle. 

Methods (a) and (b) are best suited to chain surveys; 
(c) and (d) are «sed most in the location of railroad 
curves; (e) and (f) are employed chiefly in river and ma- 
rine surveys for the location of soundings, the latter being 
commonly known as the "three-point problem"; the last 
method, (g), is much used for "referencing out" transit 
points in railroad and similar construction surveys. 

Location of Objects. — The location of buildings and 
topographic objects usually involves one or more of the 
foregoing methods of locating a point. 
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In Fig. 6, (a), (b), (c), and (d) sug);est methods of lo- 
cating a simple form, and (e) and (f) Oluatrate more com- 
plex cases. 

Tie Line Surveys. — For many purposes tie line surveys, 
made with the chaiin or tape alone, are very saitisfactory. 
The skeleton of such surveys is usually the triangle, the 
detail being filled in by the methods just outlined. Much 
time may be saved by carefully planning the survey. A 
few typical applications of the tie line method are shown 
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Fig. 8. 



Fig. 7. 



Banging In Lines. — The range or flag pole is usually 
painted with alternate feet red and whit«, and the lower 
end is shod or spiked. A temporary form of range pole, 
called a picket, is sometimes cut from a straight sapling. 

In flawing a point, the spike of the pole is placed on the 
tack and the pole plumbed by holding it symmetrically be- 
tween the tips of the fingers of the two hands, the flagman 
being squarely behind the pole. 

In hilly or timbered country the two land comers or other 
points between which it is desired to range in a line, are 
often invisible one frorn the other. In many cases two in- 
termediate points C and IK, (a), Fig. 8, may be iound, from 
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which the end points B and A, respectively, are visible; so 
that after a few successive linings In, each by the other, 
the true points, C and D, are found. 

Otherwise, as shown at (b). Fig. 8, a random line may 
be run from A towards B. The trial line is chained and 
marlied, the perpendicular from B located, and points In- 
terpolated on the true line. 

If the desired line is occupied bj a hedge or other ob- 
struction, an auxiliary parallel line may be established in 
the adjacent road'or field, after one or two trials, as in (c). 
Pig. 8. 

A line may be prolonged past an obstacle by rectangular 
ofFsets or by equilateral 'triangles. 




Signals. — There Is little occasion for shouting in anrrey- 
ing field work if a proper system of sight signals is used. 
Each signal should have but one meaning and that a per- 
fectly distinct one. Signals indicating motion should at 
once show clearly both the direction and amount of motion 
desired. Some of the signals in common use are as follows : 

(a) " Eight" or "left," — the arm iseJctended distinctly in 
the desired direction and the motion of the forearm and 
hand is graduated to suit the lateral motion required. 

(b) " Up " or " down,"^the arm is extended laterally and 
raised or lowered distinctly with motions to suit the magni- 
tude of the movement desired. Some levelera use the left 
arm for the " up " signal and the right for " down." 

(c) "Plumb the pole (or rod)," — If to the right, that 
arm Is held vertically with hand extended and the entire 
body, arm Included, is swung distinctly to the right, or 



(d) " All right," — both arms ar 
horizontally and waved vertically. 



extended full length 
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(e) "Turning point" or "transit point," — the arm Is 
swung slowly about the head 

(f ) " Give line," — the flagman extends both arms upward, 
holding the flag pole horizontally, ending with the pole in 
its vertical position. If a precise or tack point is meant, 
the signal is made quickei* and sharper. 

(g) Numerals are usually made by counted vertical swings 
with the arm extended laterally. A station number ia 
given with the right hand and the plus, if any, with the 
left ; or a rod reading in like manner. The successive 
counts are separated by a momentary pause, emphasized, 
if desired, by a slight swing with both hands. 

Stakes and Stake Driving. — A flat stake is used to 
mark the stations in a line survey, and a square stake or 
bub to mark transit stations, (a) and (b), Fig. 9. The 
station stake is numbered on the rear face, and the hub is 
witnessed by a flat guard stake driven slanting 10 inches 
or so to the left. Fig. 9. The numerals should be bold and 
distinct, and made with keel or waterproof crayon, pressed 
into the surface of the wood. 

Having located a point approximately with the flag pole, 
the stake should be driven truly plumb in order that the 
flnal point may fall near the oenter of its top. In driving 
a stake, the axeman should watch for signals. It is better 
to draw the stake by a slanting blow than to hammer the 
stake over after it is driven. Good stake drivers are scarce. 



PROBLEMS WITH THE CHAIN AND TAPE. 

0«neral Statement. — Each problem is stated under the 
following heads ; 

(a) Equipment. — In which are specifled the articles and 
instruments assigned or required for the proper perform- 
ance of the problem. A copy of this manual and of the 
regulation field note book, with a hard pencil to keep the 
record, form part of the equipment for every problem as- 
signed. 

(b) Problem. — In which the problem is stated In general 
terms. The special assignment will be made by program. 

(c) Methods. — In which the methods to be used in the as- 
signed work are described more or less in detail. In some 
problems alternative methods are suggested, and in others 
the student is left to devise his own. 
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PROBLEM Al. LENGTH OP PACE. 

(a) Eguipment. — (No inatrvimental equipmeot required.) 

(b) Problem. — Investigate the length of pace as follows: 
(1) the natural pace; (3) an assumed pace of 3 feet; and 
(3) the effect of speed on the length of the pace. 

(c) Methods. — (1) On an assigned course of known length 
count the paces while walking at the natural rate. Observe 
the nearest 0.1 pace in the fraction at the end of the course. 
Secure ten consecutive results, with no rejections, varying 
not more than 2 per cent. (3) Tiepeat (I) for an assumed 
3- foot pace. (3) Observe (in duplicate) time and paces for 
four or fire rates from very slow to very fast, with paces to 
nearest 0.1 and time to nearest second. Record data and 
make reductions as in the form. 



PROBLEM AS. DISTANCES BY PACING. 

(a) Eguipmeat. — (No instrumental equipment required.) 

(b) ProblsTn. — Pace the assigned distances. 

(c) Methods. — (1) Standardize the pace in duplicate on 
measured base. (2) Pace each line in duplicate, results dif- 
fering not more than Z per cent. Record and reduce as in 



PROBLEM A3. AXEMAN AND FLAGMAN PRACTICE. 

(a) Eguipmetit. — Flag pole, axe. 4 fiat stakes, 1 hub. tacks. 

(b) Problem. — Practice the correct routine duties of axe- 
man and flagman. 

(c) Methods. — (1) Number three station stakes to indi- 
catS representative cases and drive them properly. (2) 
Drive a hub flush with ground and tack it; number a wit- 
ness stake and drive it properly. (3) Arrange program of 
signals with partner, separate 1.000 feet or so and practice 
same. (4) Signal say five station numbers to each other 
and afterwards compare notes. Make concise record of 
the foregoing steps. 



PROBLEM A4. RANGE POLE PRACTICE. 

(a) Equipment. — 1 flag poles. 

(b) Prohlem. — Given two hubs approximately 1,000 feet 
apart, interpolate a flag pole say 100 feet from one hub. 



PHOBLEMS. 
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remove the diatant pole, prolong the line by successive 100- 
foot sights and note the error at distant hub. fiepeat 
process for 200-foot and 300-foot sights. 

(c) MethoiJa. — (1) Set distant flag pole precisely behind 
hub and hold spike of pole on tack of near hub; lying on 
ground back of near hub. line in pole 100 feet (paced) dis- 
tant; remove pole from distant hub, and prolong by 100- 
foot sights up to distant huh, noting error to nearest 0.01 
foot. (3) Bepeat in reverse direction, using 200-foot sights. 
(3) Repeat with 300-foot sights. Avoid all bias. Record 
data in suitable form, describing steps concisely. 

PROBLEM AS. STANDARDIZING CHAIN OR TAPE. 

(a) Eguipmetit. — Chain or tape assigned in any problem. 
where standard length of chain may be of value. 

(b) ProB Jem.— Determine the length of the assigned 
chain or tape by comparison with the official standard 
under thfe conditions of actual use. 

(e) Methods. — In standardizing tape, reproduce the con- 
ditions of actual use as regards tension, support, etc., bring 
one end graduation of chain or tape to coincide with one 
standard mark, and observe fraction at the other end with 
a scale. As a general rule, observe one more decimal place 
than is taken in the actual chaining. 

PROBIJIM: AG. DISTANCES WITH SUBVEYOES' CHAIN. 

(a) Egtiipment. — Surveyors' chain, set of chaining pina, 2 
plumb bobs, 2 flag poles (unless instructed otherwise), 

(b) Prol^lem. — On an assigned chaining course about one 
mile long measure distances with the surveyors' chain to 
the nearest 0.1 link, and repeat the measurements in the 
opposite direction. 

(c) Methods. — (1) Standardize the chain before and after, 
as prescribed in AS. (3) Chain along the assigned course, 
noting the distances from the starting point to the several 
intermediate points and to the end station. Observe frac- 
tions to the nearest 0.1 link by estimation, (3) Repeat the 
chaining in the opposite direction, noting the distances from 
the end point, as before. The difference between the totals 
in the two directions should not exceed 1 : 3,000. Retain the 
same party organization throughout the problem. Record 
the data as in the prescribed form. 
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PROBLEM A7. 



(a) S^uipmenf. — Engineers' chain, Ret of chaininif pins, 2 
plumb bobs, 2 flag poles (unless instrncted otherwise). 

(b) PTOhlem,. — On an assig-ned chaining' course about one 
mile long measure distances with the engineers' chain to 
the nearest 0.1 foot, and repeat the measurements in the 
opposite direction. 

(c) Methods. — (1) Standardize the chain t>efore and after, 
as prescribed in AS. (2) Chain along the assigned course, 
noting the distances from the starting point to the several 
intermediate points and to the end station. Observe frac- 
tions to the nearest O.i foot by estimation. (3) Bepeat the 
chaining in the opposite direction, noting the distances from 
the end point, as before. The difference between the totals 
in the two directions should sot exceed 1 : 3,000. Retain 
the same partj' organization throughout the problem. Re- 
cord the data as in the form. 
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PROBLEM A8. 

(a) Equipment. — 100-foot steel band tape with end foot 
graduated to tenths, set of chainingf pins, 2 plumb bobs, Z 
flay poles (unless instmcted otherwise). 

(b) PTOblem.—Oji an assigned chaining course about one 
mile long measure distances with the 100-foot steel band 
tape to the nearest 0.01 foot, and repeat the measurements 
in the opposite direction. 

(c) MethoAs. — (1) Standardize before and after, as pre- 
scribed in A5. (2) Chain along the assigned course, noting 
the distances from the starting point to the several inter- 
mediate points and to the end station. In observing the 
fr&ctions, first determine the foot units, then estimate the 
nearest 0.1 foot, then shift the tape along one foot and read 
the exact fraction on the end of the tape, estimating the' 
nearest 0.01 foot. (3) Repeat the measurement in the op- 
posite direction, noting the distances from the end point, as 
before. The difference between the totals in the two direc- 
tions should sot exceed 1 : 5,000. Retain the same party 
organization. Record data as in the form. 

PROBLEM A9. 

(a) Equipment. — 100-foot steel tape with etched gradua- 
tions to 0.01 foot, set of chaining pins, 2 plumb bobs, 3 flag 
poles, axe, supply of pegs, engineers' level and rod (unless 
otherwise instructed). 

(b) Prablem. — Determine the horizontal distance between 
two assigned points on a steep slope, (1) by direct horiion- 
tal measurement, and (S) by measurement on the slope 
and reduction to the horizontal. 

(e) Methods. — ( 1 ) Standardize the tape for each method, 
as prescribed in AS, both before and after the day's chain- 
ing. (2) In chaining down hill, rear chainman lines in flag 
pole in band of bead chainman, then holds tape end to tack 
on hub; flagman stands 50 feet or more from line opposite 
middle of tape and directs head chainman in leveling front 
end, then supports middle point of tape under direction of 
head chainman ; head chainman, with spring balance at- 
tached to tape and using pole as help to steady pull, brings 
tension to 12 pounds ; recnrder plumbs down front end, and 
seta pin slanting sidewise. After checking the pin, proceed 
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-with, the next 100 feet. Id chaining' up hill, follow same 
general method. uEing plumb bob at rear end. In leveling 
the tape the tendency will be to get the down hill end too 
low. Chain the line in duplicate, retaining the same or- 
ganization. (3) Chain the line again in duplicate, tape 
lying on the gronnd, pull 12 pounds, pins set plumb, frac- 
tion direct to nearest 0.01 foot. Set temporary pegs flush 
with ground every 100 feet and also at intermediate audden 
changes of slope, for levels. Determine differences of eleva- 
tion between successive pegs, unless the leveling data are 
supplied to the party. Record data and make reductions 
and comparisons as in the form. 



PROBLEM AlO. ANGLES OF A TRIANGLE WITH TAPE. 

(a) E^ttip men (.—100-foot steel tape, 60-foot metallic tape, 
set of chaining pins, S plumb bobs. 2 flag poles, five-place 
tables of trigonometric functions (each member of party 
to have tables). 

(b) Problem. — Measure the angles of an assigned triangle 
with the steel tape and also with the metallic tape, the 
error of closure not to exceed 3 minutes. 

(c) Methods.— (1) Measure each angle with the steel tape 
by both the chord and tangent methods, lOO-foot radius, 
the difference in the two results not to exceed 3 minutes. 
If the angle is near 90°, the tangent method may be applied 
to the bisected angle. (3) After securing satisfactory check 
on an angle with the steel tape, make a rapid but careful 
measurement with the metallic tape, radius 50 feet. The 
results may be taken to the nearest half minute. (3) Meas- 
ure at least one angle, preferably on smooth ground, by lay- 
ing out an arc with radius of 57.3 feet, setting pins every 
few feet, and measuring the actual arc. Give close atten- 
tion to alinement throughout. Record data and make re- 
ductions as in the form. 



PROBLEM All. SURVEY OF FIELD WITH STEEL TAPE. 

(a) Egnfpment. — lOO-foot steel tape, act of chaining pina, 
3 plumb bobs, 4 flag poles, five-place table of functions, 

(b) Problem. — Make survey of an assigned field with tape, 
collecting all data required for plotting the field and calcu- 
lating its area by the " perpendicular," " three-side," and 
" angle " methods. 
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(c) Methods.^(l) Standardise the tape once, (2) Exam- 
ine the fielil carefully and plan the survey. (3) Measure 
the required angles with tape. (4) Locate the perpendicu- 
lars. (5) Chain all necessary lines, and also take dis- 
tances to feet of perpendiculars. Pollow the forrn. 



(a) ^guipmeM/.— Five-place logarithms. 

(b) Pro 6 icm.— Calculate the area of the assigned field by 
the perpendicular method, using the data collected in 
Problem All. 

(c) Methods. — (1) Prepare form for calculations; tran- 
scribe data, and carefully verify transcript. (2) Calculate 
double areas of the several triangles by contracted multi- 
plication, perpendicular method, preserving a consistent 
degree of precision. <3) Make the same calculations with 
logarithms, as a check. (4) Combine the verified results, 
as shown in the form. 

PROBLEM Al3. 

(a> Equipment. — Five-place logarithms. 

(b) Problem. — Calculate the area of the assigned field by 
the three-side method, using data collected in All. 

(c) Metkodg. — (1) Prepare form for calculation; tran- 
scribe data, and carefully verify transcript. (3) Calculate 
the areas of the several triangles by logarithms, three-side 
method, preserving proper units in the results. (3) Care- 
fully review the calculations, and combine the verified re- 
sult as in the form. 

PROBLEM A14. AREA OF FIELB BY ANGLE METHOD. 

(a) Equipment. — Five-place logarithms, 

(b) Problem. — Calculate the arra of the assigned field by 
the "two sides and included angle" method, using the 
data collected in All. 

(e) Methods, — (1) Prepare form, transcribe data, and 
verify copy. (2) Calculate the double areas of the several 
triangles by contracted multiplication, angle method, pre- 
serving consistent accuracy in results. (3) Make same cai- 



PKOBLEMa 



Sua 


ly 


Fieui 


A-B- 


:-t>-E 


WITH 


tAFE- (Data r 


K Area amo Plat? 


Angl. 


NniA 


*\ 


'i.^ 


PmiF 




HaJChamrns 


1, R-Rx- 






irif' 


.wfe' 








n, J-D<ra- 






*i^i 


M'J^ 


m-a 




Stpt-g^'M-l 


iJiikin) aaafyjfOxif- 






x^s 


Wjv 


'■^ 




Use^iKmFt- -f«/Jife/fm,lxl!tr'X 


ABd 


■em 


rM' 


II'JZ 


^?is 




fra-dsrJilttf > '/-r ^JiTTT !inly 














urfil/p/rp^ 


la/arsAiMio/Bc ty 














Rnt Hfimi. fug jin/thM s/'t,iem/ 




ItHnV 


Ctt-r-r 


MkiI 








mgp^mie/itrjvaiKoIan 




jugth 




u«th 






aia^iftih. 


tsnaa/nd- SifPMa 




Ft- 


Ft- 


Ft. 






sTfcfaU t. 


haaii:- 


if^if 














3AB£,£31>A>^ffBCwM 


Tipt 


»99i 










hp^tyc^- 


fmef/mfi/^F/raA-ai, 


X 


tt-910 










aBJO^t/i/ 




AB 


Ktl3 


-tfT7 








Sfc^a; {^J^m} MiTiiis Ji caid- 


8C 


*«^7 




*t*-M 






Cha^vdact 


/i,e<^/^Iy«na. 




mtz 




4i!-n 






SttHhshamt^uctdirilm- _ 
















iii^W 














fn^^ 


se 


431-W 


-^w 


4a» 






^'^'•^L 




M-U 


-J..« 


mts 






y7^' A- 




Ca 




-i^CJ 


J*7-S7 






W4 


'\f 














Be 




-?w 


XT-rs 
ii/-4! 






-JIT-'ls'-^ 


-f* tm ■I' 


\je 




-^i 










J 



CW WTATI M OF KKtK 






»pf 'ktffet tffis JV- 



PeutltAr- 



PtRPEHDI DLAR 



*l>ttrttfe-MlA»} 



THE CHAIN AND TAPE. 



PROBLEM A15. AREA OF FIELD FROM PLAT. 

(a) Bgvipmenl. — Dr&fting instrumenta, paper, etc., pla- 
nimeter (as assigned). 

(b) Problem. — Determine (he area of the assigned field 
directly from the plat. 

(c) iIetko^».— (l) Make an accurate plat of the field from 
the notes secured in All, using a prescribed scale, (2) De- 
termine the area of the field by resolving the polygon into 
an equivalent triangle. (3) Determine the area from the 
plat by tbe polar planimeter and by one of the following 
" home-made " planimeters : " bird shot " planimeter, " jack 
knife" planimeter, cross-section paper, parallel strip, 
weighing, etc. (4) Prepare on the plat a tabulated com- 
parison of results secured by the several methods. (5) 
Finish the plat, as required. 



(a) Equipment. — 100-foot tape, 60-loot metallic tape, set 
of chaining pins, 2 plumb bobs, 4 fiag poles. 

(b) Prohlem. — Make survey with tape of an assigned tract 
having a curved boundary collecting all data required for 
plotting the field and calculating iti area 

(c) Jtfefhodi — (1) Standardize the tape once to nearest 
0.01 foot. (3) Examine the tract carefully and plan the 
survey so as to isecure a simple layout of base lines de- 
signed to give short offsets to the curved boundaries (3) 
Locate the perpendiculars if any and chain all lines on 
the curved sides take oJTsets 'jo a« to secure a definite loca- 
tion, and as a rule take equal internals on the same line. 
Follow the form 



(a> Eguipmetit.— CSo instrumental equipment required). 

(b) /*roB fern .—Calculate the area of the assigned field 
with curved boundary by " SimpKon's one-third rule," usin^ 
the data collected in Problem A 16. 
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36 THE CHAIN AND TAPE. 

{c\ Methods. — (1) Prepare form for calculation; tran- 
Bcri'i)e data in convenient form for calculation, and carefully 
check copy. (3) Calculate the area of the polygon formed 
Viy the base lines, preferably by the perpendicular method. 
(3) Calculate the areas of the curved Bgures by " Simpson's 
one-third rule," which is as follows i " Divide the base line 
into an even number of equal parts and erect ordinates at 
the points of division ; then add together the first and last 
ordinates, twice the sum of all the other odd ordinates, and 
four times the sum of all the even ordinates ; multiply the 
sum by one-third of the common, distance between ordi- 
nates." (The field notes might have been taken with special 
reference to the rule, but It is bett«r to take from the notes 
the largest even number of equal segments, assuming the re- 
maining portion to be trapezoid or triangle.) (4) Give 
signs to the several results by reference to the field sketch, 
and combine them algebraically to get the net area, as 
shown in the accompanying form. 



(a) Equipment. — Drafting instruments, paper, etc., pla- 
nimeter (as assigned). 

(b) Problems. — Determine the area of the field with 
curved boundary directly from the plat. 

(c) Methods.— (^1) Make an accurateplat of the field from 
the notes obtained in A16, using a prescribed scale. (2> 
Determine Its area directly from plat by two methods men- 
tioned in (3) of A15, other than those used in that problem. 
(3) Prepare on the plat a tabulated comparison of the re- 
sults by the several methods. (4) Finish the plat, as re- 

PEOBLEM A19. PASSING AN OBSTACLE WITH TAPE. 

fa) Equipment. — 100-foot steel tape, set of chaining pins, 
plumb bobs, 4 flag poles. 

(b) Problem. — Prolong an assigned line through an as- 
sumed obstacle by one method and prove by another, finally 
checking on a precise point previously established. 

(c) Methods. — Oiven two hubs, A and B, 200 feet apart 
prolong line and establish C 200 feet from B : (1) by con- 
stmcting a 200-foot square in one direction ; and (S) by lay- 



pROBij:Ma 



f 


Su 


WEY 


OP F 


itP w 


ITH 














ff-tl 














ft- 


iW.;; 1*. fifff^ C/iar sad •Y^rjT,. 




























«.it* sl»ws ,^Mry«^ Itl^ths- Fl„tl 


M-a 


lie 




"* 


Wfl' 


7-' 


trtt niiiJf utrrrctKl Hr atmdard- 






























tf-» 


*'« 








14-7 


Wit'-'-'>«.i, 




Un,^ 


frfto 




Tw 


Vf 


f\<JZ2y. 










n 


*lt-4 










B 


ii 




kr 


'f^ 


* 


1 ef'^ /■ 'i 




tta 










4C.7 


MO 












«-J 


lea 




Z9-Z 


% 




^ 


'■x.-.-'s'* Hi 


Sf-I 


m 




n-i 


% 


-rf 


4 


.:v-M 


19-i 






T,p.. 

ct-Kt 


m:% 


CrfB-.; 


j£.^| 




•»<iaf 




^"•"i'. 


















/ 



M OP Area of Field 



THvyii, Srtt^KO-O, Alx • I4S-3 

- •4is-'4, » -tei't 




WITH CUEVED BOUNDAR 
InJfuM CaU:ulatfons 

if*»4'M7-SJ 

il4a*.T-m-3) 

i.*2(lN*374t4»-7t32-4) 

\ r^fji-s *s9-e} 

\t4(ff-e t33-* *3<l-3)] 

Uz(is-4*»>-i) 

{'*f/<l-3*l0-lt-»7)] , 
-i[ms^*T-l}*(7.^'}*l.)] 

\*i(i4;*i4-7} 



■^ijl-l. 






38 THE CHAIN AND TAPE. 

ing ofF a 300-foot equil&teral triangle on the opposite elde 
using pina to mark points thus establislied. (3) Prolong 
the line by each method to the hub D. 200 feet from C, and 
record discrepancies in line. (4) Interpolate a. point at 
on true line between B and D, and note errors of prolonga- 
tion at C. Kecord as in the form. 



PROBLEM A20. OBSTRUCTED DISTANCE WITH TAPE. 

(a) Equipment. — 100-foot steel tape, set of chaining pins, 
3 plumb bobs, 4 flag poles. 

(b) Problem. — Determine the distance between two as- 
Bigned points through an assumed obstructittu to both vision 
and measurement, using two independent methods, and 
finally chain the actual distance. 

(c) Methods. — (1) Standardize the tape, (2) Determine 
the distance between the assigned points b; constructing a 
line parallel to the given line, and equal or tjearlng a 
known relation to it. (3) Secure a second result by running 
a random line from one hub past the other so that a per- 
pendicular less than 100 feet long may be let fall, measur- 
ing the two sides and calculating the hypothenuse. (4) 
After securing two results differing by not more than 
1 ; 1,000, chain the actual distance. Follow the form. 



PROBLEM A21. RUNNING IN CURVE WITH TAPE. 

(a) Equipment. — 100-foot steel tape, 50-foot metallic tape, 
set of chaining pins, 2 plumb bobs. 3 hubs, 6 flat staked, 
marking crayon, tacks, five-place table of functions. 

(b) Problem. — Lay out two lines making an assigned 
angle with each other, and connect them with a prescribed 
curve by the " chord offset " method. 

(c) Methods.— (I) Calculate the radius, R, for the given 
degree of cvrve, D. (3) Calculate the tangent distance, T, 
for the given radius, B, and angle of intersection, I. (3) 
Calculate the chord offset, d, and tangent offset, t, for the 
known radius, R. chord, e and degree, D. (4) At the given 
point intersection (P. /.), A, lay off the given angle. /, by 
the chord method. (5) From the P. /. lay off T along the 
two tangent lines and locate point tangent (P. T.) and 
point curve (P. C), setting hubs at P. C. and P. T., with 
guard stake at each hub. (6) Run in the curve, by chord 
offsets, beginning at P. C. and checking at P. T. Calling P. 
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40 THE CHAIN AND TAPE. 

C. Station 0, establish Station 1 by laying- oft tangent offset, 
(, and chord, c Having one station on the curve, the next 
is located'by prolonging the chord and forming an isosceles 
triangle having the chard offset as a base. Check on the 
~ , noting the discrepancy of distance and line. Also 
~i the tangent again by tangent offset and obserre 
the error of line. Follow the form. 

TROBLEM A22. DISCUSSION OF ERKORS OF CHAINING 

(a) Equipment.— (JXo instrumental equipment, unless 
further data are desired, in which case Problems A6, A7 
and AS may be assigned again). 

(b) Problem. — Investigate the errors of linear measure- 
ment with the screral kinds of chains and tape, with the 
view to det«nnii)e practical working tests or coefBcients 
of precision for actual use. 

(c) Methods. — Assume that the conditions in Problems 
AG, AT and A8 are practically constant in the same problem, 
and that the actual dilTerences between observed lengths 
of the several segments when chained in opposite dirc- 
tions, represent the normal errors with the particular chain 
and cbainmen; then tabulate: (1) the measured lengths of 
all possible segments of the chaining course, either from 
direct observation or by subtraction; (2) the actual errors 
or differences between the two results, giving signs; (3) 
the chaining ratios. I: d, and the decimal expressions of the 
same to six places ; (4) the " coefficients of precision " for 
each case, calculated by formula, or more quickly, taken 
from the diagram in the chapter on errors of surveying; (5) 
the mean decimal chaining ratio and its equivalent; and 
(6) the mean coefficient of precision. Follow the form. 



(a) Eq«(pmen(.— Standard tape (with certified length 
given), turnbuckle adjustments with bolts, spring balance, 
standard steel rule graduated to 0.01 inch, 2 thermometers, ' 
3 microscopes, strips of wood, a watch. 

(b) Pro6(cm.— Make a .series of ten observations with a 
standardized steel tape for the purpose of testing (or estab- 
lishing) an official standard of length, obMcrving the near- 
est 0.0001 foot. (The Bureau of Standards, Washington, 
D. C, will standardize a tajw for a small fee.) 
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(c) Methods. — (If a neiD official standard is being' estab- 
lished, one standard mark may be made permanent, and the 
precise distance taken to an approximate temporary point 
on the other bolt, the exact correction being applied after 
a sufficient number of results have been obtained. If the 
sun is shining, the tape should be protected by a wooden 
box or other covering throughout its length. Cloudy days 
or night time give best results. The observations should be 
made briskly so as to have slight range of temperature. 



r 


MBU- Cha^y sai C«^- 


Jiiiy:J-aK,Jl£at. B-FKim, ffltSi,^. \ 
UHlVlftSIT Y ■ 


Test of IOO-Pt- Stahdard 


i/H,/ SItndtnf Tipt 1^-417, KarM "l/Sm 


frmpartturv darfag prrrodsFuiterrsfAas- 


f»m,"artffi^Jf,^-SS-3S67 Ft-., 


nf ez'F- Hltf, 12-lh-palI, Ispr supparlt 




®5^^^S3 


•^is^m£m> 




f, 31 shann in iMch, tsjir loj^rttdm 


sMpafmxid- (i)J>otKf!in>QFtipe 


ttist itaakrdmsrk mf/t ««*:'« a/«j- 


(t) tofsrt iiltKt sf JS /la- {fjtimil 






A, bjMwj«j? fBUnnste-mm-.^iHi 


rtiyn<3jltif{H)Sitmwc<inie'iaBd3f. 


snifoSHnvf NoK and lintptrjiart, fuv 


tlMfBmtltrs filial ate tash it Si'-tml 


i7'- Rtlttitdpall titiBttn ciiertvlfans- 


He> 




T«mp«ratur( 




r.n.,.O.n 






M,o*,rf 


frci- 


S^ 








M« 




ee--Hl. 


H- 




!p. 


V- 


H- 


)f(W!) 








J/.V 


S3'^ 


sz-s 


(Ji5r 








•-.fo/ 










■d! 




Si-e 


SIS 










■<IO»t 










■■iz 




ss-e 














m-opsi 


















3»-30M 














M* 


s 


SM 


1 


5 


s-sest 




■rto 


D». 


ZZi 






IS. 


[m 


SIO 


St-9 


il-u 


/o-o 


e-xei 














V 


f.-Hi^.>^7 a-i 


. oDmn 


l^n. ,00-C007 id'- 3 1 
la}fh„eiUr,dlird- Il!0-!m7i.0-000at Ft- J 



used, their foundation 
, and the monuments should be 
little as possible from heaving, 
indoors, the conditions are less 



If isolated standard n 
should go below frost lii 
located so as to sufTer a 
If the standard marks a 
difficult to control.) 

(1) Arrange "bucksaw" or turnbuckle adjustments, each 
held firmly by a bolt dropped into a piece of gaspipe driven 
flush with surface of ground, with spring balance and tape 
lined up, as shown in sketch in accompanying form ; place 
the two thermometers at the one-third points as nearly as 
possible under the actual conditions of the tape. (2) With 
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four men in party, No. 1 sets end graduation precisely at 
one standard mark by means of screw adjustments and mi- 
croscope ; No. 3 sets balance at 12 pounds ; No. 3 observes 
fraction at otber standard mark by means of steel scale 
graduated to 0.01 inch, estimating to nearest 0.001 inch 
(say 0.0001 foot) by microscope; and No. 4 records all 
data, observes time to nearest minute, and temperature to 
nearest 0.1 degree. Nos. 1, 2 and 3 should lie flat. Release 
the tension between observations. Record and reduce as 
in the form. 

PROBLEM A24. 

(a) Equipni^nt. — Steel tape and other articles named in 
preceding problem. 

(b) Problem. — Determine coefficients of expansion and 
stret«h of the assigned tape. 

(c) lfetfto<to.— (See Problem E9.) 

PROBLEM A25. MAKING A STANDARD WIRE TAPE. 

(a) Equipment —Spring balance, thermometer, e(«., as in 
A23, and a piece of piano or other suitable steel wire. 

(b) Problem, — Make a 100-foot or other standard tape by 
graduating the wire with reference to the official standard. 

fc) Methods.— {To be devised by the student.) 



(a) Effwipmenf.— Department equipment and collection of 
catalogs of representative instrument makers. 

(b) Problem. — Make a critical comparison of the several 
types of chains and tapes made by different makers. 

(c) Methods,— Study the different catalogs and prepare a 
systematic and concise report. 
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CHAPTER HI. 
THB COHPASS. 



Description. — The magnetic compass consists of a line of 
Bight attached to a graduated circular box. at tlie center of 
whicli is a magnetic needle supported on a steel pivot. The 
compass box is attached to a tripod or Jacob staff by a ball 
and socket joint, and is leveled by means of the ptate levels. 
The needle should be strongly magnetized, and have an 
agate cap to receive the point of the hardened steel pivot. 
The dip of the needle is counter-balanced by a small coil of 
wire, which can be shifted as desired. The E and W points 
are reversed. 

In Fig. 10 are shown the usual types of magnetic com- 
passes: (a) the vernier compass; (b) the plain compass; 




rig. 10, — Types of Magnetic Compasses. 
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(c) the vernier pocket compass with folding sigrhts; (d) 
the ordinary pocket compass; (e) the prismatic compass, 
S«cliiuition of the Needle. — If the needle is allowed to 
swing freely, its magnetic axis will come to rest in the 
magnetic meridian. The horizontal angle between the mag- 
netic meridian and tbe true meridian at any point is called 
the magnetic dectination for that point. Imaginary lines 
joining points on the earth's surface having the same 
declination are called Uogonic lines. The isogonic line join- 
ing the points of zero declination is called the agonic line. 
Pig. 13 is an isogonic chart of the United States. Of the 
three agonic lines on the earth's surface, one passes 
through Michigan, Ohio, etc. 
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(For additional data see bulletin of Department of Com- 
merce, U. S. Coast and Geodetic Survey, entitled " Principal 
Facts of the Earth's Magnetism.") 



MAGNETIC DECLINATION. 47 

Variation of the Beclinatioo. — The declination of the 

needle is not a constant at any place. The chan^ or 
fluctuation is called the variation of the declination. The 
variations of the magnetic needle are of several kinds: 
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secular, daily, annual, lunar, and irregular variations due to 
magnetic storms. The most important of these Is the 
secular variation which is illustrated in the upper diagram 
of Fig. 11 for a series of representative points in the United 
States. This diagram shows that the extreme range or 
swing of the needle is roughly 6° or 7°, and that the period 
of time between extreme positions is about a century and a 
half. Also that the wave of magnetic influence progresses 
across the continent alike In successive cycles. In 1900 the 
needle was at its extreme western position at Eastport, 
Me., and at its extreme eastern position at San Diego, Cai. 
The 3° East isogonic line passed through western Indiana, 
and was moving westward at the rate of about 4' per year. 
This rate of change was general throughout the central 
part of the United States, and is represented by the straight 
sections of the curve in the upper diagram of Pig. 11. 

The daily variation of the magnetic declination is shown 
graphically in the lower part of Fig. II, the scale being 
greatly magnified laterally. It is seen that the needle tin- 
dergoes each day a vibration similar in a general way to the 
grand swing of three centuries or so shown in the upper 
diagram. The magnitude of the daily movement in north- 
ern United States ranges from 5' in winter to nearly 12' 
in summer time. The needle is in its meandaily position 
between 10 and 11 a. m. for all seasons. The diagram rep- 
resents the normal magnetic day. of which there are per- 
haps five or six per month. 

Iiocal Attraction. — The pointing of the needle is af- 
fected by the close proximity of magnetic substances, such 
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ft8 IroD ore, wire fences, railroad raila, etc. However, local 
attraction does not prevent correct work, provided back 
and fore sights are taken without change of magnetic condi- 
tions. It is therefore especially important to avoid disturb- 
ancea of the needle \>y the chain, axe, passing vehicles, elec- 
tric wires, etc., or by articles on the person of the observer, 
such as keys, knife, spectacle frame, wire in the hat rim, 
reading glass case, etc. Also the glass cover may become 
electrified hy friction and attract the needle, in which case 
it may be discharged with the moistened finger, or by 
breathing on it. 

The Vernier. — The vernier is an auxiliary scale used 
to read fractional parts of the divisions of the main scale or 
limb. Verniers are retrograde or direct, according as the 
divisions on the vernier are larger or smaller than those on 
the limb. The vernier used on compasses for the setting off 
of the declination is direct, and is usually of the type shown 
in (c) of Fig. 13. In reading a vernier of any kind, blunders 
may be avoided by first estimating the fraction by eye be- 
fore noting the matched lines on the two scales. 

USE OF THE COMPASS. 

Uw. — The compass is used; (1) to determine the bear- 
ings of lines; (3) to measure the angle formed by two lines; 
(3) to retrace old lines. The bearing of a line is the hori- 
7ontal angle between the line and a meridian through one 
end of it. Bearings are measured from the north or south 
point 90° each way. The angle between two lines is the 
difference in their directions as indicated by the tieartngs. 
Having the true bearings of one side of a polygon, the true 
bearings of the others may be obtained by algebraic addi- 
tion of the angles; or by using the declination vernier so 
as to read the true bearing direct on the fore sights. 

Practical Hinta.^Poitt the north end of the compass 
bos along the line and read the north end of the needle. 
Protect the pivot from needless wear by turning the needle 
in about the proper direction before releasing it. Always 
lift the needle before disturbing the compass. Habitually 
obtain duplicate needle readings on each sighting. Itead 
the needle by estimation to the nearest five minutes, that 
la, to the one-sixth part of one-half degree, which is the 
usual subdivision of the compass box. Care should be 
taken to avoid parallax in reading the needle. 
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ADJUSTMENTS AND TESTS. 

Elementary Lines.— The elementary lines of the compass, 
shown in (a) of Fig. 10, are : (1) the line of sight, (3) the 
vertical axis; (3) the plate level lines 

The maker should see; (1) that the needle Is strongly 
magnetized; (2) that the magnetic axis corresponds with 
the line joining the two ends, (3) that the metal in the 
compass box is non -magnetic , (4) that the line of sights 
passes through the center of graduation; (5) that the 
plates are perpendicular to the vertical axis; (6) that the 
zero of the vernier coincides with the line of sights. 

The needle may tie magnetized with a bar magnet or by 
putting it into the magnetic field of a dynamo. The metal 
of the compass box may be tested by reading the needle, 
then moving the vernier and noting if the needle has moved 
the same amount, this process being repeated at intervals 
around the full circle. 

The Principle of Bereraion. — In adjusting surveying 
instruments, the presence, direction and amount of the er- 
ror are made evident by the method of reversion^ which 
doubles the apparent error. If there is no difference after 

Plate Levels.— ro make tfte plane of the plate level lines 
pcTpendicular to the vertical aris. — Level up the instrument 
by means of the plate levels and reverse the compass bos 
In azimuth, that is, turn it through a horizontal angle of 
180°. Correct one-half the error, if any, by means of the 
adjusting screws at the end of the level tube, and bring the 
bubble to the center by the hall and socket joint. The rea- 
sons for this process are shown in (a) of Fig. 13. 

Sights. — To make the plane of sights normal to the plane 
of the ptate level lines. — With one sijfht removed and the 
instrument leveled, range in with the remaining sight two 
points as far apart vertically as possible, say on the side of 
a building. Reverse in azimuth and bring the bottom of the 
sight in range with the lower point; if the upper point is 
then in range, the sight is in adjustment. If not, correct 
one-half the error by putting paper under one side, or by 
filing off the other side, liepeat process for the other sight. 

The Pivot— To adjmt the pirot to the center of the grada- 
alcd circle.— Set the south end of the needle to read Jiero, 
and read the north end of the needle ; reverse the compass 
liov in aximuth, repeat the observations, and correct one- 
half the difference between the two readings of the north 
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end of the needle hy bending the pivot, using the special 
wrench for the purpose. Turn the compass box 90° and 
repeat See (b), Fig. 13. 

Tbo Needle. — To straighten the needle. — Having adjusted 
the pivot, set the north end of tbe needle to read zero and 
bend the needle so that the soiitb end reads zero also. Turn 
tbe compass box and test for other graduations. 



PROBLEMS WITH THE COMPASS. 



PROBLEM Bl. 



(a) Eqvipmenl. — Surveyors' compass, flag pole, reading 
glass. 

(b) Problem. — At a point on the true meridian determine 
the mean magnetic declination with the surveyors' compass. 

(c) Methods. — (1) Set the compass over one point and a 
flag pole at another on the true meridian. (3) Lower the 
needle and sight at the flag pole carefully with the north 
end of the compass box to the front. (3) When the vibra- 
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tiona of the needle have ceased, move the vernier by means 
of the tangent screw so that the north end of the needle 
reads zero, and check the sighting of the compass. (4) 
Read the declination on the vernier to the nearest minute, 
(5) Lift the needle, verify the zero needle reading and the 
sighting, read the vernier and record; repeat the process 
until ten satisfactorj consecutive values of the declination 
are obtained. Observe the time of each reading to the near- 
est minute. (6) Correct the mean of the ten values for 
daily variation by reference to the diagram, Fig. 11, using 
the mean time. Record and reduce the data as in the form, 
(Note that the values in the form were obtained by estimat- 
ing the nearest five minutes. Which is better? Try both 
if time allows.) 

PEOBLEM B3. ANGLES OF TRIANGLE WITH COMPASS. 

(a) EQiUpment. — Surveyors' compass, two flag poles, 
reading glass. 

(b) Problem. — Measure the angles of a given triangle 
with the surveyors' compass. 

(c) Methods.— (1) Set the compass over one of the vertices 
of the triangle and a flag pole behind each of the other two. 
(2) Lower the needleandsightat one of the flag poles care- 
fully, with the north end of the box to the front. (3) When 
the vibrations have ceased, read the north end of the needle 
to the nearest five minutes by estimation. (4) Lift the 
needle, verify the sighting and also the reading. (5) Turn, 
the compass box to the other point and determine the bear- 
ing, as before. The required angle is the difference Ijetween 
the two bearings. (6) Measure the other two angles la 
like manner. The error of closure must not exceed 5 
minutes, Follow the form. 

PROBLEM B3. TRAVERSE OF FIELD WITH COMPASS. 

(a) Eguiptnent. — Surveyors' compass, 2 flag poles, engi- 
neers' chain, set of chaining pins. 

(b) Profilem.— Determine the bearings of the sides of an 
assigned field with the surveyors' compass and measure tha 
lengths of the sides with an engineers' chain. 

(c) Methodg. — (1) Set the compass over one of the comera 
of the field which is free from local attraction, and set off 
the declination with the vernier. (3) Take back sight on 
the last point to the left and fore sight to the next point 
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64 THE COMPASS. 

to the rlg'ht, following the methods used in Problem B2. 
(3) Repeat this process for the remaining corners o( the 
polygon taken in suceession to the right. (4) Chain th^ 
Bides of the field to the nearest 0.1 foot by estimation. (5) 
Compare the chain with standard. (B) From the observed 
bearings compute the interior ang'lcs of the field, and the 
tnie bearings of the sides. The angular error of closure 
must not exteed 10 minutes for a five-sided field. Kecord 
and reduce data aa in the form. 



PROBLEM B4. AREA OF FIELD WITH COMPASS. 

(a) Eguipment. — Five-place logarithms. 
(b> Problem. — Compute the area of the assigned field by 
neana of latitudes and departures. \ 
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(c) iiethois. — (1) Prepare forms for calculations; tran- 
scribe data, and carefully verify copy. (3) Compute lati- 
tudes and departures by contracted multiplication, preserv- 
ing results to the nearest 0.1 foot. (3) Make the same cal- 
culations by logarithms, as a check, (4) Determine the ac- 
tual linear error of closure. (5) Determine the permissible 
error of closure (ace chapter on errors of surveying). (6) 
If consistent, distribute the errors in proportion to the sev- 
eral latitudes and departures, respectively, repeating the 
additions as a check. (7) Transcribe field notes and ad- 
justed latitudes and departures, and verify transcript. (8) 
Calculate the meridian distances of the several stations and 
lines (9) Calculate the latitude coordinates. (10) Calcu- 
late the partial trapezoidal areas by multiplying the merid- 
ian distances of the lines by the respective latitudes, pre- 
serving consistent accuracy, and observing algebraic signs. 
(11) Determine the area by taking the algebraic sum of the 
partial areas lieduce to acres, and correct for standard. 
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Follow the form. (IS) Make plat of field, using total rect- 
angular coordinates, and checking by polar plan! meter. 

PROBLEM B5. ADJUSTMENT OF THE COMPASS. 

(a) Equipment. — Surveyors' compass, adjusting pin, small 
screw driver. 

(b) Problem. — Make the necessary tests and adjustments 
ol the surrey ors' compass. 

(c) J/e(fto((8.— Observe the following program: (1) test 
the magnetism of the needle; (2) test the metal of the 
compass box; (3) test and adjust the plate levels; (4) test 
the sights; (5) test the pivot; (6) test the needle. 



(a) Equipment. — Department equipment, catalogs of rep- 
resentative makers of compasses. 

(b) Prohlem. — Make a critical comparison of the several 
types of eompasses, 

(e) Methods. — Examine the department equipment and 
study the several catalogs carefully, noting the character- 
istic features, prices, etc. The following items, at least, 
should be included in the tabulated report: name of instru- 
ment, length of needle, length of alidade, vernier, tripod, 
weight, price, etc. 
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CHAPTEK IV. 
THE LEVEL. 



I>escriptloii. — The engineers' level conBiata of a line ot 
sight attached to a bubble vial and a vertical axis. Two 
types of level, the wye and dumpy, Pig. 14, are used by engi- 
neers. In the former the telescope rests in Y-shaped sup- 
ports, from which it may be removed. In the dumpy level 
the telescope is lixed. The dumpy is a favorite with British 



Engineers' Wye Level. Dumpy Level. 

Fig. U. 






Fig. 15.— Types ot Levels. 
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and the wje level with American eng-iueers, (The dtiinpj' 
level with erecting eye-piece haa been adopted aa standard 
by the Division of Valuation, Interstate Commerce Com- 
mission.) The two types differ chiefly in the methods ol 
adjustment. A third type, not shown in the cuts, is called 
the level of precision because of its use solely for work of 
extreme refinement. 

In Fig, 15 are shown : (a) an architects' or builders' level 
of the wye type ; (b) a road builders' level of the dumpy 
type; (c) a reconnaissance level with a decimal scale for 
reading horizontal distances direct ; (d) a water level some- 
times used in locating contours ; (e) a Locke hand level ; 
(f) a clinometer; (g) a binocular hand level. 

THE TELESCOPE. 

Principlea.— The telescope used in the engineers' level 
and transit, shown in section lu Figs. 16 and 32, consists 
of an objective or object glass which collects the light and 
forms an image in the plane of the cross-hairs, and an ocular 
or eyepiece which magnifies the image and cross-hairs. The 
cross-hairs are thus at the common focus of the oDjective 
and eyepiece. The principle of this type of telescope, both 
optically and mechanically, may be illustrated by the photo- 
graphic camera if cross lines be ruled on the ground glass 
focusing plate and a microscope be used in viewing the 
image formed by the lens. Telescopes of the above class are 
called measuring telescopes, while those of the opera glass 
type are termed seeing telescopes. The latter have no real 
image formed between the object glass and eyepiece. 

Line of Collimatlon.— llie telescope of the level or tran- 
sit may be represented by a line, called the line of eoUima- 
tion, which joins the optical center of the objective and the 
intersection of the cross-hairs. The optical center is a point 
such that a ray of tight passing through it emerges from 
the lens parallel to its original direction. The line o( coUi- 
mation is independent of the eyepiece. 

Objective.— -The objective is a double convex or plano- 
convex lens. In all good telescopes the objective is com- 
pound, that is, made up of two lenses, with the view to cor- 
rect two serious optical defects to which a simple lens is 
subject. These defects are called chromatic aberration and 
spherical aberration. 

Chromatic aberration is the separation, by the objective, 
of white light into its component colors. A lens which is 
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free from this defect is called achromatic. A t«lescope la 
tested for the chromatic defect by focusing on a bright ob- 
ject, such as a piece of paper with the sun shining on it, 
and noting the colors on the edge of the object and es- 
pecially at the edge of the field of view as the focua is 
slightly deranged. Yellow and purple are the cliaracteris- 
tic colors indicating good qualities in the lens. 

Spherical aberration is a defect which prevails to a serious 
extent in a simple lens having spherical surfaces. It is due 
to a difference in the focal distance for different concentric 
or annular spaces of the objective, so that the plane of focus 
for rays passing through the outer edges of the lens is dif- 
ferent from that of the midille portion. A, telescope is 
tested for this defect by focusing on a well defined object, 
such as a printed page, with the rays of light cut off alter- 
nately from the middle and the edge of the lens. This is 
best done by means of a circular piece of paper with a 
small round hole in it. 

As a rule, the object glass in good levels and transits con- 
sists of a double convex lens of crown glass fitted to a con- 
cavo-convex or a plano-concave lens of flint glass, the 
former to the front. The defects described above are 
avoided through the diiferent dispersive and refractive 
powers of the two kinds of glass, and by grinding the sur- 
faces of the two lenses to the proper curvatures. 

Eyapieca. — As in the camera, the image formed by the 
objective is inverted, so that if a simple microscope be used 
as an eyepiece, the- observer sees objects inverted. Such 
an eyepiece is commonly used on the dumpy level, as shown 
in Fig. 14, Thia form of eyepiece consists of two plano- 
convex lenses with their convex sides facing each other. 
The form of eyepiece most used in American instruments ia 
the erecting eyepiece in which two plano-convex lenses re- 
place each of the two In the simpler form. The erecting 
eyepiece is much longer than the simple one, as may be 
seen at a glance in Fig. 14. While the simple eyepiece 
causes a little confusion at first, owing to the inversion of 
objects, it is much superior to the erecting eyepiece in the 
matter of clearness and illumination. 

The chief inherent defect in the eyepiece is a lack of 
flatness of the field. A single lens usually causes a distor- 
tion or curving of straight lines in the image, especially to- 
wards the edge of the field. A telescope is test<d for thia 
defect by observing a aeries of parallel right lines, prefer- 
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»bly a series of concentric squares, which, fill the entire 
field of view. 

In the best achromatic eyepieees, one or more ot the sep- 
arate lenses may be compounded, the curvatures being such 
as to eliminate the color delect and give rectilinear qualities 
to the lens or combination of lenses. 

Definition. — The deflnltion of a telescope depends upon 
the finish and also the accuracy of the grinding of the 
curved surfaces of the lenses. It may be tested by reading 
the time on a watch or a finely printed page at some dis- 
tance from the instrument. 

Illumination. — Illumination and deflnltion are apt to 
be confused. Poor definition causes indefinite details, while 
poor illumination causes faintness in the imagfe. The latter 
may be tested about dusk, or in a room which can be grad- 
ually darkened, and can be best appreciated if two tele- 
scopes of different Illuminating qualities be compared. 

ApertUM of Objective.— The aperture or effective di- 
ameter of the objective is determined by moving the end of 
a pencil slowly Into the field and noting the point where it 
first appears to the eye when held say 8 or 10 Inches back 
from the eyepiece. The process should be repeated in the 
reverse order. The annular space is deducted from the 
actual diameter to obtain the real aperture, 

8iz« of Field. — The field of the telescope is determined by 
noting the angle between the extreme rays of light which 
enter the effective aperture of the objective. With the tran- 
sit telescope, the limiting points may be marked on the side 
of a building and the angle measured directly with the 
plates ; or with either level or transit the angle may l>e cal- 
culated from the measured spread in a given distance. For 
simplicity, a distance of 57.3 feet may be taken, and the re- 
sult reduced to minutes. 

Ua^nifying Power.— The magnifying power of a tele- 
scope is expressed in diameters, or as the multiplication of 
linear dimension. It is determined most readily by making 
an observation with both eyes open, one looking through 
the telescope and the other by natural vision. The com- 
parison may be made by means of a leveling rod. or the 
courses of brick or weather-boarding on the side of a house 
may be used in like manner. 

Parallax. — Parallax Is the apparent movement of the 
cross-tiairs on the object with a slight movement of the eye, 
and is due to imperfect focusing of the eyepiece on the 
cross-hairs before focusing the objective. The eyepiece 
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should be focused wrUh the eye normal, the cross-haira being 
illuminated by holding the note book page or other white 
object a few iachea in front of the objective. 

OJ (2) 
(5) (4) 

(3) (bj 

Fig. 17. 

CrosB-Halrs. — The croas-hairs are attached to a ring or 
reticule which is held by two pairs of capstan headed 
screws. The hairs usually consist of spider lines, although 
some makers use platinum wires for the purpose. To re- 
more the reticule the eyepiece is taken out, one pair of 
screws is removed and a sharpened stick is inserted in a 
screw hole. The best spider lines are obtained from the 
spider's egg nest. 

In Fig 17, (a) shows the usual arrangement of the cross- 
hair ring and the method of attaching the hairs; (b) shows 
the number and positions of hairs used, ( 1) being the most 
conmion, (3) the form for stadia work with the transit and 
also for estimating the lengths of sights with the level, (3) 
a form used by some makers with the level, and (4) a style 
found in English levels; (c) shows the egg pod or case of 
the large brown spider (about half size) which yields the 
best lines for engineering instruments; (d) illnstrates a 
convenient vest pocket outfit for replacing cross-haira in 
the field, consisting of a supply of spider lines and some 
adhesive paper (bank note repair paper) each in a capsule 
or tin tube, and several sharpened sticks for stretching the 
hairs. Cross-hairs stretched in this manner may last indefi- 
nitely, or they may be fastened on permanently with shel- 
lac at the first opportunity, 

THE BUBBLE VIAL. 

Frlnelpl*. — The spirit level consists of a sealed glaaa 

tube nearly filled with ether or other liquid, and bent or 

ground so that the action of gravity on the liquid may indl- 
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cate a level line by means of the bubble. The delicacy of the 
buble depends upon the radius of the curvature in a verti- 
cal plane, the greater the radius the more delicate the level. 
Thus, for example, a perfectly straight tube could not be 
used as a level. 

Cnrratwre of Bubble VlalB. — Good bubble vials are now- 
made by grinding or poHsbing the interior surface of a Be- 
lected glass tube by revolution, aa indicated in exaggerated 
form at (a) Fig. JB. Aa a general rule, only one side of 
the vial ia actually used, it being customary to encase it in 




Pig. 18. 

a brass tube having a slot or race on one side. However, 
both sides of the vial may be utilized, aa in (b) and (c). 
Pig. 18, which show the reversion level adapted to the tran- 
sit and wye level, respectively. Bubble vials of several sizes 
are shown in (d). Pig. 18. It was formerly cuatomary to 
grind out only a portion of the upper side of the glass tube, 
as shown at (e). The cheap vial, consisting merely of a 
bent tube, used mostly in carpenters' and masons' levels, is 
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shows at (f) ; and a method of increasing the precision of 

the bent tube by tilting- it is indicated at (g). Fig. 18. 

Delicacy. — The delicacy of the bubble vial is design at«d 
either by the radius, usually in feet, or by the central angle 
in seconds eorresponding to one division or one inch of the 
bubble scale. Two methods are employed to determine the 
delicacy of level vials, (1) by the optical method, as at (h). 
Fig. 18, where the radius is calculated from an observed tar- 
get movement at a given distance for an observed bubble 
movement, the two triangles being similar; and (2) by the 
level tester, as at (i), by means of which the angular move- 
ment is read from the micrometer head for a given move- 
ment of the bubble. The engineer usually employs the radial 
designation, while the maker expresses the delicacy in an- 
gular units. As shown at (h) and (i),'Fig. 18, the radius in 
feet is equal to 17,189 divided by seconds per inch of bubble. 

Bubble Line. — The relations of the bubble to the other 
parts of the instrument are best understood by representing 
the vial by a line. This line may be either the axis of the 
surface of revolution in (a). Fig. 18, or to provide for either 
of the three forms of vial shown, it may be taken as the 
tangent line at the middle or top point. This tangent line 
will be meant hereafter in referring to the bubble line. 

LEVELING RODS. 

TypM. — There are two classes or types of leveling rods; 
(1) target rods, having a sliding target which is brought 
into the line of sight by signals from the leveler; and (2) 
self-reading or speaking rods which are read directly by 
the leveler. 

In Fig. 19, (a) is the Philadelphia rod; (b) theNewYork 
rod; and (c) the Boston rod. The first is either a target 
or self-reading rod ; the second Is- a target ro^l, but may be 
read from the instrument when the rod is "short"; the 
Boston rod is strictly a target rod. The Philadelphia rod is 
perhaps the favorite for most purposes, and the Boston rod 
ia used least. A folding self-reading rod is shown at (d). 
Fig. 19 ; (e) ia a woven pocket device which may be tacked 
to a strip of wood and used as a leveling rod; (f) is a rail- 
road contouring rod with an adjustable base ; (g) is a plain 
rod graduated to feet, for use with the water level. 

Targets.— The targets shown on the Philadelphia and 
New York rods, (a) and (b). Fig. 19, are called quadrant 
targets. That on the Boston rod, (c), is a modified form of 
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Pig. 19. 

the diamond target. A special form, called the corner tar- 
get, is bent to fit two aides of the rod to assist in plumb- 
ing' it, and another target has two parallel planes for 
the same purpose. A detachable rod level is shown at (h). 
The target on rod ( b) , with the zero of the vernier 0.09 foot 
beiow the center of the target, frequently causes blunders. 
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TTse. — The engineers' level is iiaedr (1) to determine dif- 
ferences of elevation ; (3) to make profile surveys; (3) to 
locate contours; (4) to establish grade lines; (5) to cross 
section; (6) to run lines. 
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Dlfferaitial Leveling. — Differential leveling consists of 
finding the difference of elevation between two or more 
points. In the simplest case the difference of elevation be- 
tween two points may be found from a single setting of 
(he level, the leveling rod being used to determine the 
vertical distance from the plane of the instrument to each 
of the two points, and the difference between the rod read- 
ings taken. When the distance between the two points is 
too great, either vertically or horizontally, or both, to ad- 
mit of this simple process, two or more settings of the level 
are taken so as to secure a connected series ot rod read- 
ings, the algebraic sum of which gives the desired differ- 
ence of elevation. This difference may be expressed either 
by the numerical result of the algebraic sum of the rod 
readings, or by assuming an elevation for the beginning 
point and calculating the elevation of the closing point by 
means of the observed rod readings. 

A back sight is a rod reading taken to determine the height 
of the ingtrument. A/oresiffAt is a rod reading taken to de- 
termine (he height of a point. A hench mark is a point se- 
lected or established for permanent reference in leveling 
operations. A turning point is a temporary reference point 
used in moving the instrument ahead to a new setting. The 
same point is often both a turning point and tiench mark. 
The datum is the plane or surface of reference from which 
the elevations are reckoned ; it may be sea level, or an arbi- 
trary local datum. A level line is a line parallel to the sur- 
face of a smooth body of water. A horizontal line is 
tangent to a level line at any point. The curvature varies 
as the square of the distance from the point of tangency, 
and is 0.001 foot in 204 feet, or 8 inclies in one mile. 

In Fig. 19, (i) shows a metal and also a wooden peg com- 
monly used for turning points. Several forms of bench 
marks are shown in Fig. 19; (j) is a mark on the corner 
of a stone water-table; (k) a rivet leaded into a hole 
drilled in a stone slab; (1) a railroad spike driven into a 
wooden post or telegraph pole ; (m) a projection cut on the 
root of a tree, preferably with a spike driven vertically into 
the top of the bench, and usually with a blaze above 
marked "B. M. No. — ." All hench marks and also turninif 
points should be clearly described in the notes. 

Fig. 19a shows the essential details of differential level- 
ing. In practice the calculations are made mentally. 

Two chief essentials in correct differential leveling are: 
(1) that the buhbJe be in exactly the eame position (usu- 
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ally the middle) on both hack and fore tight; and (3) tbat 
the length of Jtaek sight and fore sight, horizontally, shall 
be balanced. It is seen at (e), Fig. 18, that with the bubble 
always in the middle, the line of eollimation generates a 
horizontal plane when in perfect adjustment, but a cone 
with aitia vertical when out of adjustment; so that in tak- 
ing equal dietanceB in the opposite directions, the base of 
the cone la used, thia base being parallel to the true colli- 
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Fig. 19a. — Details of Differential Leveling. 

mation plane. In the best leveling practice the instrument 
is adjusted a» perfectly as po»sible and then used so that 
the residual errors balance each other. 

The three common styles of leveling rods may be read to 
0.001 foot by vernier or by estimation on a scale to 0.005 
foot. However, for most kinds of leveling, it is an absurd 
refinement to read the rod closer than 0,01 foot, especially 
with the usual maximum length of sight of 350 to 400 feet, 
and with the more or less sluggish bubbles supplied in the 
general run of leveling instruments. Furthermore, the 
horizontal hair usually covers 0.01 foot or so of the target 
at the maximum length of sight, that is, the target can 
move that amount without being noticed by the observer. 
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Profile Levallni*. — Profile leveling consists of finding 
the relative elevations of a series of representative points 
along a surveyed line, for the purpose of constructing a pro- 
file or vertical section. The skeleton of profile leveling, that 
is, the precise bench marks and turning points with the 
successive heights of instrument, is identical with dilTeren- 
tial leveling, alreadj described. Having determined the 
height of instrument bj taking a back sight on a bench 
mark of known or assumed elevation, rod readings are 
taken at proper intervals along the measured and staked 
line. These readings are fore sights, but thej are usually 
termed intermediate sights to distinguish them from the 
more precise rod readings taken on turning points and 
bench marks. On railroad surveys intermediate sights are 
taken usually to the nearest 0.1 foot on the ground; but in 
other cases, such as tile and sewer surveys, intermediates 
are often read to the nearest 0.01 foot on small pegs driven 
beside the station stakes flush with the surface of the 
ground. In railroad work, the benches, turning points, 
and intermediates of special importance are commonly read 
to 0.01 foot, although some engineers persist in the ques- 
tionable practice of taking the nearest O.OOI. In drainage 
surveys the nearest 0.01 foot is usually taken on bench 
marks, although more carefully than on the intermediate 
peg points, and the nearest 0.1 foot is read on ground points. 

The errors of profile leveling are balanced on turning 
points by equal back and fore sights, as in dilTerential lev- 
eling. If the instrument is seriously out of adjustment, an 
error is made in the case of odd bench marks with unbal- 
anced sights, and also on all intermediate sights. However, 
the error is usually unimportant when ground readings are 
taken to the nearest 0.1 foot. In important leveling, such 
as canal and drainage work, it is customary to run a line of 
check levels to prove benches, before construction begins. 

The profile is plotted to an exaggerated scale vertically 
on a special paper, called profile paper. Three kinds, known 
as plates A, B and C, are in general use. The most common 
is plate A, which is ruled In I4"'"'^li squares with a further 
subdivision to ^ inch vertically. In railroad profiles the 
scales most used are 400 feet to the inch horizontally and 
20 feet vertically. A still greater exaggeration is generally 
used in drainage profiles. 

B«ciprocftl Leveling. ^The application of differential 
leveling to the determination of the difEerence of elevation 
between two bench marks separated by a wide river or gorge 
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is termed reciprocal leveling. A setting of the level ia 
taken oa each side of the river, and the mean of the two re- 
sults is taken. The necessarj unbalancing of distances in 
one setting is balanced up in the nther. Each back or fore 
sight should be the mean of a aeries of careful observations. 
In Ijest practice, simultaneous readings are taken with two 

Contour LereliiiK. — Contour leveling is an application 
of the methods of profile leveling to the location of contour 
lines, that is, lines having the same elevation. Two methods 
are employed: either (1) actually establishing points on 
the adopted contour planes on the ground and then locat- 
ing these points; or (2) taking random elevations at rep- 
resentative points and interpolating the contour lines from 
the plotted data. The latter ia the more common. The 
chief purpose of contour leveling is to make a contour map. 
and the process is essentially a part of topographic survey- 
ing, where it will be more fully considered. 

Grade Unes. — The establishment of grade lines is usu- 
ally the concluding part of profile leveling. After making 
the profile, the grade line is established by stretching a fine 
thread through the ruling points, taking into account the 
controlling conditions, such as maximum gradient or earth- 
work quantities on a railroad profile, the carrying capacity 
or the scour in the case of a ditch, etc. After laying the 
grade line on the profile, notes are made of the data, and 
the actual grade line is established. Two methods are used ; 
(1) the height of instrument is determined as usual, and 
stakes are driven at measured intervals with their tops to 
match calculated rod readings; and {3) a limited number 
of ruling points are established by the first method or 
otherwise, and the remaining stakes are " shot in " by con- 
structing a line parallel to the ruling line used. The latter 
is more rapid, since a constant rod reading is used; how- 
ever, the method is unreliable unless the foresight be 
checked frequently on a fixed target. 

Cross- Sectioning. — Cross-sectioning consists of staking 
out the limits of the transverse section of an excavation or 
embankment for the purpose of constrnction, and usually 
includes the collection of data for the calculation of the 
quantities. This may be done either with the engineers' 
level, rod and tape line, or with special rods called cross- 
section, rods. The notes are taken as rectangular coordi- 
nates, usually with reference to the center of the finished 
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roadbed. The slope stakes are set where the side slope 
lines pierce the surface of the ground. 

Bauidi^ Iitnes. — Lines are sometimes run with the en- 
gineers' level, provision being made in most good levels for 
the attachment of a plumb bob. A line may be prolonged 
by sighting in two points ahead. A clamp and tangent 
movement are necessary. Some builders' levels have a 
needle and also a roughly divided horizontal circle for use 
in staking out buildings. 

Practical Hints. — The following practical suggestions 
apply more or less directly to all kinds of leveling, and 
also in a general sense to transit work. 

Speed. — Cultivate the habit of briskness in all the de- 
tails of the work. While undue haste lowers the standard 
of the results, an eRort should be made to gain speed 
steadily without sacrificing precision. Gain time for the 
more important details by moving rapidly from point to 
point. On rapid surveys both leveler and rodman often 
move in a trot. Neither rodman nor leveler should delay 
the other needlessly. 

Care of Instruments. — Do not carry the level on the shoul- 
der in climbing fences. Clamp the telescope slightly when 
hanging down Keep the tripod legs at the proper tight- 
ness, and avoid looseness in the tripod shoes. Avoid undue 
exposure to the elements, and guard the level from injury. 
Do not leave the instrument standing on the tripod in a 
room over night. 

Betting Vp — In choosing a place to set the level up, con- 
sider visibility and elevation of back point and pfobable 
fore sight. Set up with plates about level. On side-hill 
ground place one leg up hill. In general, place two tripod 
shoes parallel to the general line of the levels. 

Leveling Up.~-A pair of foot screws should be shifted to 
the general direction of the back or fore sight before level- 
ing up. Set the foot screws up just to a snug bearing and 
no tighter. If either pair of screws binds, loosen the other 
pair a little The bubble moves with the left thumb. Level 
up more precisely In the direction of the sight than trans- 
verse to it, but do not neglect the latter. Inspect the bubble 
squarely to avoid parallax, and also to prevent such blun- 
ders as reading the bubble five spaces off center. 

Observations. — Adjust the eyepiece for parallax with the 
eye unstrained. It is much easier on the eye to observe 
with both eyes open. Read at the intersection of the cross- 
hairs, since the hori7.ontal hair may be inclined. Set the 
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target approximately, check the bubble, and repeat the proc- 
ess several times before approving the sight. Be certain 
that the bubble ia exactly in the middle at the instant of 
approving the target. If the level has horizontal stadia 
lines, beware of reading the wrong hair (the reticule may be 
rotated one-quarter so as to have the extra hairs vertical, 
or a filament may be attached to the middle horizontal hair 
to assist in identifying it). Avoid disturbance of the tripod 
by stepping about the instrument. Assist the rodmao in 
plumbing the rod. Let signals be perfectly definite both M 
to direction and amount, using the left hand for " up" and 
the right for " down," or vice versa. 

The leveler can work much more intelligently if he knows 
the space covered on the rod by one division of the bubble 
scale at the maximum leng-th of sight, and also the space 
on the rod hidden by the cross hair. 

Adjustments. — Keep the instrument in good adjustment 
and then use it as though it were out of adjustment. 

Balancing Sights. — Balance the length of back sight and 
fore sight, and record the approximate distances. The dis- 
tances in the two directions may be made equal roughly by 
equality of focus, but it is better on careful work to pace 
the distances or determine them by means of the stadia 
lines in the level. If necessary to unbalance the sights, 
they should be balanced up at the first opportunity, and in 
general they should be In balance when closing on import- 
ant benches. When leveling up or down steep slopes, fol- 
low a zigzag course to avoid short sights. Take no sights 
longer than 350 or 400 feet. 

Leveling Rod. — The rod should be carefully plumbed, to 
accomplish which the rodman should stand squarely behind 
the rod and support it symmetrically between the tips of 
the extended fingers of the two hands. In precise work 
wave the rod to and fro towards the observer and take 
the minimum reading of the target. With "short" rods 
avoid the somewhat common blunder of 0.09 foot when the 
vernier slot is below the cent«r of the target. With " long " 
rods, see that the target has not slipped from its true set- 
ting before reading the rod. Head the rod at least twice, 
and avoid bhinders of 1 foot, 0.1 foot, etc. Careless rodmen 
sometimes invert the rod. Each rod reading on turning" 
points and bench marks should, when practicable, be read 
independently by both rodman and leveler. 

Bench Marks and Turning Points. — Wooden pegs or other 
substantial points should be used to turn the instrument 
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on. Select bench marks with reference to ease of identifica- 
tion, the balancing' of sigbta, freedom from disturbance, etc. 
As a rule, each bench mark should be used as a turning' 
point so that the final closure of the circuit may prove tlie 
bench. Mark the benches and turning' points and describe . 
them in the notes so plainly that a stranger m&y readilj 
find them. Green rodmen sometimes hammer at turning 
point pegs with the rod. When leveling near a still body 
of water, its surface may be used to save time and check 
the work. 

Record and Calculations. —Vescribe bench marks and turn- 
ing points clearly. It is good practice to apply algebraic 
signs to the back and fore sight rod readings. The eleva- 
tions should be calculated as fast as the rod readings are 
taken, and calculations on turning points should lie made 
independently by leveler and rodman.'and results compared 
at each point. The rodman may keep turning point notes 
in the form of a single column. The calculations should be 
further verified by adding up the columns of back sights 
and fore sights for each circuit, or page, or day's work, and 
the algebraic sum of the two compared with the difference 
between the initial and last calculated elevation. 

Error of Closure. — A circuit of levels run with a good 
level by careful men, observing all the foregoing pre- 
cautions, should check within 0.05 foot into the square root 
of the length of the circuit in miles (equivalent to 0.007 foot 
into the square root of the length of the circuit in 100-foot 
stations). In closing a circuit, the error should be care- 
fully determined, as above indicated, and the value of the 
coefficient of precision found. (See discussion of errors of 
leveling and precision diagrams in Chapter IX, Errors of 
Surveying.) 

ADJUSTMENT OF THE WYE LEVEL. 
Elementary Lines. — The principal elementary lines of 
the wye level, as shown in Fig. 16. are: (I) the line of col- 
limation; (3) the bubble line; (3) the vertical axis. For 
the purpose of adjustment there should be added to these : 
(4) the axis of the rings; (5) the bottom element of the 
rings. The following relations should exist between these 
lines ; (a) the Hue of collimation and bubble line should be 
parallel ; (b) the bubble line should be perpendicular to the 
vertical axis. The first of these relations involves two 
steps, viz., (1) to make the bubble line parallel to the bot- 
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torn element of the rings, and (2) to make the line of col- 
I\ination coincide with the axis of the rings. The other 
relation involves the wye adjustment, and is similar to the 
plate level adjustment described in the chapter on the com- 

Bubble. — To make the bubble line paraVel to the bottom 
element of the rings. — Two steps are involved, (a) to place 
the bubble line i» the same plane with the bottom ejement, 
and (b) to make the two lines parallel. 

Astmuth Screv>». — To make the liubble line in the same 
plane with the bottom element of the rings. — Clamp the 
level over a pair of foot screws, loosen the wye clips, and 
level np; rotate the telescope through a small angle, and 
if the bubble moves away from the middle, bring it back 
by means of the azimufA adjusting screws. Test by rotat- 
ing in the opposite direction. Leave the screws snug. 

Altitude Screw*. — To make the buhble line and the bottom 
element of the rings parallel. ^-Make the element level with 
the foot screws and bring the bubble to the middle by 
means of the altitude adjusting screws. The element is 
made level by the method of reversions as follows ; With 
the level clamped over a pair of foot screws, as above, lift 
the clips and level up precisely; cautiously lift the tele- 
scope out of the wyes, turn it end for end, and very gently 
replace it in the wyes; if the bubble moves, bring it half 
way back by means of the foot screws. Before disturbing 
adjusting screws make several reversals, and conclude the 
adjustment with screws snug. This end for end reversal 
is similar to that made with the carpenter's level, the 
straight edge of the level corresponding to the element of 
the rings. The lines involved are shown in Fig. 16. 

Iilue of Collimatton. — To make the line of coltimation co- 
incide icith the axis of the rings. — Loosen clips, sight on a 
point, say a nail head or the level target, more distant thaa 
the longest sight used in leveling; rotate the telescope half 
way and note the movement of the hair, if any. The line 
of collimation generates a cone, the axis of which is that 
of the rings, and the apex of which is at the optical center 
of the objective. Correct one-half the observed error by 
means of the capstan headed screws which hold the cross- 
hair ring. Gradually perfect the adjustment until the in- 
tersection of the cross-hairs remains fixed on the same 
point when reversed by rotation with reference to either 
bair. The adjustment should be concluded with the screws 
at a snug bearing. 
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After collimating the instrument (or a long distance, the 
actju^tment should be checked for a short distance, say SO 
or 100 feet, so as to test the motiop of the optical center 
of the ohjective. 

B,inga.— The theory of the wye level demands perfect 
equality of the rings, that is, the parallelism of the axis and 
element, as in (c). Fig 16. Should the rings be unequal. 
either f»om poor workmanship or uneven wear in Bervice, 
they form a cone instead of a cylinder, and the axis is not 
parallel to the element, as in (d). Fig. 16, Under the latter 
conditions, the principle of the wye level fails, and an in- 
dependent test is demanded. This is known as the two-peg 
test, the details of which are shown in (e) and <f). Fig. 16, 
and described in the adjustments of the dumpy level. If, 
after making the wye level adjustments above described, 
the tnvo-peg test shows that the linfe of collimation and 
bubble line are not parallel, the rings are probably unequal 
and the instrument should thereafter be adjusted as a 
dumpy level. However, hasty eoncliisions should be guarded 
against. 

In case the instrument has a reversion level, shown at 
(c), Fig. 18, the equality of the rings may be tested by 
first adjusting the top tangent line of the bubble Vial par- 
allel to the bottom element of the rings, and then after ro- 
tating the telescope half way round in the wyes, compare 
the bottom (now above) tangent line of the vial with the 
top (now below) element of the rings, all by the end for 
end reversion. However, the exact parallelism of the top 
and bottom tangent lines of the reversion level should first 
be proven by the two-peg method. 

Wyes. — To make 6«66ie line perpendicular to the vertical 
ax:is.—Make the vertical iwm's vertical and bring the bubble 
to the middle by means of the wye nuts. The vertical axia 
is made vertical by reversion thus : With clips pinned, level 
up, reverse over the same pair of screws, and bring the 
bubble half way back with the foot screws. When adjusted, 
th b bbl will remain in the middle during a complete rev- 
lut n Th a adju&fment is identical in principle with the 
plat 1 1 adjustment of the compass and transit, illus- 
t at d (a) Fig 13 The wye adjustment should follow 
th adj tment of the bubble line parallel to the element 
f h ng . The w\e adjustment is a convenience, not 

Cent ring the Eyepiece. — After collimating the level, 
th hairs should appear in the center of the field. 
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The eyepiece is centered by moving its ring held by four 
screws. This adjuatment is desir-able, but not essential. 

ADJUSTMENT OF THE DUMPY LEVEL. 

Elementary Lines.— The principal elementary lines o( 
the dumpy level are identical with those of the wye level 
(1) the line of collimation; (2) the bubble line; (3) the 
vertical axis. As in the wye level, the bubble line should be 
(1) perpendicular to the vertical axis, and (2) parallel to 
the line of collimation. However, owing to the difference 
in the construction of "the two types of instrument, the 
auxiliary elementary lines are not recognized in the dumpy 
level. The transit with its attached level ia identical in 
principle with the dumpy level. 

Bubble.— ro make the bubble line perpendicular to the 
vertical axis. — Make the vertical Qxis vertical by. the method 
of reversions, ond adjust the bubble to the mid(tlc. This 
adjustment is identical in principle with the plate level 
adjustment, shown in (a). Fig. 13. The bubble should re- 
main in the middle through a complete revolution. 

Line of ColUmatloii. — To make the line of collimation 
parallel to the bubble line. — Construct a level line, and ad^ 
just the cross-hairs to agree Kith it. The level line is de- 
termined either by using the surface of a pond of water, or 
by driving two pegs at equal distances in opposite directions 
from the instrument, and taking careful rod readings on 
them with the bubble precisely in the middle, as shown at 
(e). Fig. 16. For simplicity, the two pegs may be driven to 
the same level, or two spikes may be driven at the same 
level in the sides of two fence posts, say 400 feet apart. 
Otherwise, determine the precise difference of elevation, as 
indicated in (e). Fig. 16. Then set the level almost over 
one of the pegs, level up, and as In the first method of (f). 
Fig. 16, set the target of the leveling rod at the line of col- 
limation, as indicated by the center of the object glass or 
eyepiece (this can he done more precisely than most levels 
'will set the target at 400 feet distance) ; now with the rod 
on the other peg, sight at the target (shifted to allow for 
the difference if the two pegs are not on the same level) ; 
adjust the cross-hair to the level line so constructed. If 
preferred, the second method shown in (f). Fig. 16, may be 
used; the level is set back of one peg, rod readings are 
taken on both ^ga. allowance made for the difference in 
level of the two pegs, if any, the inclination of the line of 
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collimation determined, correction mode for tbe small 
triangle from the level to the first peg, and finally the level 
line constructed by means of the calculated rod readings. 
The second method is simplified and made practically 
equivalent to the first by setting the level at minimum 
focusing distance from the first peg- The small corrective 
triangle is thus practically eliminated. Strictly speaking 
the rod readings should be corrected for the earth's curva- 
ture {0.001 foot in about 300 feet, or say 0.004 foot in 400 
feet distance). However, the effect of curvature is reduced 
by atmospheric refraction ; and with errors of observation, 
sluggishness of bubble, etc., to contend with, the curvature 
correction should be ignored, especially when the rod is 
read to the nearest 0.01 foot. 

(The foregoing process is known as the "two-peg adjust- 
ment." Although exceedingly simple, this adjustment is 
commonly regarded as a " bug-bear " by many American 
engineers. But for it, the dumpy level would have the ex- 
tended use in this country which it merits. It is said that 
" the wye level is ea-sy to adjust and usually needs adjust- 
ment." Many good levelers employ the "two-peg teat" to 
prove the wye level adjustments. Time may be saved by 
establishing an adjusting base. The adjustments of a good 
dumpy level are very stable.) 

Uprights. — In some dumpy levels the uprights which 
connect the telescope with the level bar are adjustable, 
similar to the wyes of the wye level. This adjustment is 
designed to bring the bubble line perpendicular to the ver- 
tical axis in case the bubble is first adjusted parallel to the 
line of collimation. However, the best order is that already 
described, viz.. first adjust the bubble line perpendicular 
to the vertical axis, and then the line of collimation par- 
allel to the bubble line, in which case the adjustable up- 
rights are unnecessary. 

■ PROBLEMS WITH THE LEVEL. 

PROBLEM Cl. DIFFERENTIAL LEVELING WITH THE 
HAND LEVEL (OR WATER LEVEL). 

(a) Equipment. — Hand level (or water level), rod gradu- 
ated to feet. 

(b) Problem.— Run an assigned level circuit with the 
hand level (or water level), observing the nearest 0.1 foot , 
by estimation, and closing back on the starting point. 
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(c) Metltodg. — (1) Determine the correct position of the 
bubble of the hand level by sighting along a water table, 
or sill course of a building, or by the principles of the two- 
peg test. (If the water level is used, fill the tube so as to 
have a good exposure of the colored water in the glass up- 
rights.) (2) Take sights of 100 feet or bo (paced), estimat- 
ing the rod reading to the nearest 0.1 foot ; balance back 
and fore sights; assume the elevation of the starting point, 
and keep the notes in a single column by addition and sub- 
traction, as in the Tth column, Fig. 19a. (3) Check back 
on the first point. Determine coefficient of precision. (The 
error of closure in feet should not exceed O.S V distance in 



PROBLEM C2. DIFFERENTIAL LEVELING WITH EN- 
GINEERS' LEVEL (OR TRANSIT WITH ATTACHED 

LEVEL). 

(a) Eguipment. — Engineers' level (or transit with at- 
tached level), leveling rod, hatchet, pegs, spikes. 

(b) Problem. — Run the assigned level circuit, observing 
the nearest 0.01 foot, and closing back on the initial point. 

(e) Methods. — Follow the practical suggestions given at 
the conclusion of the " Use of the Level," giving special at- 
tention to the following points; (1) eliminate parallax of 
the eyepiece; (2) balance back and (ore sight distancos; 
(3) have the bubble precisely in the middle at the instant 
of sighting; (4) both rodman and leveler read each rod and 
also make the calculations independently; (5) calculate ele- 
vations as rapidly as rod readings are obtained ; (6) plumb 
the rod; (7) avoid blunders; (8) determine coefficient of 
precision; (9) no sights longer than 350 or 400 feet. Fol- 
low the first form shown to begin with,— the other after 
several circuits have been run. 



PROBLEM C3. PROFILE LEVELING FOR A DRAIN. 

(a) Equipment. — Engineers' leveling instrument, leveling 
rod, lOO-foot steel tape, stakes, pegs, axe. 

(b) Pro6 lent .—Make a survey, plat and profile, with esti- 
mate of cuts and quantities for a drain imder assigned con- 
ditions. 
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(c) Melhodt. — (1) Examine the ground, determine the 
head and outlet of the drain, and select the general route. 
(2) Stake out the line, set stakes every SO feet, or oftener 
if required to get a good profile, and drive a ground peg 
flush, say 2 feet to the right (or left) of each stake ; record 
data for mapping the line. (3) Starting with the assigned 
■ datum or bench mark, run levels over the line of the pro- 
posed drain, observing the nearest 0.01 foot both on turning 
points and ground pegs, the former somewhat more care- 
fully ; take rough ground levels, as required, to the nearest 
0.1 foot ; locate and determine the depth of intersecting 
drains or pipe lines, or other objects which may influence 
the grade line of the drain, and secure full data for placing 
the same on the profile ; observe due care with the back and 
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fore sights, as in dlfiereatial leveling, and conclude the 
leveling work with a line of check levels back to the initial 
bench mark ; a permanent bench mark should be established 
at each end of the drain, and if the length is considerable, 
at one or more intermediate points as well, (4) Make plat 
and profile of the drain line ; lay the grade line, taking into 
account all ruling points; calculate the cuts, both to the 
nearest 0.01 foot, and also to the nearest ^-inch; mark the 
latter on the stakes for the information of the ditcher, 
using waterproof keel and plain numerals; make estimate 
of the quantity of drain pipe, and of the cost of the job. 
Follow the form and the profile in Fig. 19b. 
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PROBLEMS. 81 

PROBLEM C4. BAILEOAD PROFILE LEVELING. 

(a) Egutpment. — Engineers' leveling Instrument, leveling 
rod, 100-foot steel tape, stakes, axe, 

(b) Problem. — Run levels orer a short section of line 
staked out after the manner of railroad surveys, for the 
purpose of constructing a profile. 

(c)" Met Jiods.— Follow the general process outlined in the 
preceding problem, taking rod readings to the nearest 0.01 
foot on turning points and bench marks, and also on im- 
portant profiling points, when consistent; but take ground 
rod readings only to the nearest 0.1 foot. In calculating 
elevations, preserve the same degree of exactness in the re- 
sult as observed in the rod reading, that is, when the rod 
readings are taken to the nearest 0.1 foot, use only the 
nearest 0.1 foot in the height of instrument to determine 
the elevations. When a bub or station stake is to be used 
as a turning point, the notes should show the ground rod 
and elevation to the nearest 0.1 foot on the line preceding 
the precise turning point record. Bench marks should be 
selected with reference to their freedom from disturt>ance 
during construction, and they should be located not more 
than 1500 or 2000 feet apart along the line. Check levels by 
the same parties should not differ more than 0.05 foot into 
the square root of the length of circuit in miles. Back and 
fore sights should be balanced, and no sight longer than 
350 or 400 feet should be taken. In order to secure a repre- 
sentative profile, ground rods should be taken not only at 
every station stake, but also at every important change of 
slope between station points. Pluses may be determined 
either by pacing, or when short, by means of the leveling 
rod. The rodman should keep a record of the turning 
points. The notes should be checked and the other safe- 
guards taken, as outlined in the practical hints under the 
" Use of the Level." Bottoms of deep gullies may be taken 
by means of the hand level, or with the engineers' level 
used like the hand level; or a "long" rod of 17 feet or 
more may be obtained by holding the 13-foot rod 5 feet or 
more from the ground. 

The profile is best plotted by having another person read 
oft the data. The horiitontal scale on railroad profiles is 
nsually 400 feet to the inch and the vertical scale 20 feet to 
the inch. Gradients are expressed to the nearest 0.01 per 
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cent It Is usual to give the atiuetnent notes and promiueDt 
topography, as shown in Fig. 19c. 

(The complete series of steps Involved in railroad and 
Bimitar leveling for location and construction purposes is: 
(1) setting the station stakes ; (3) running the levels; (3) 
making the profile ; (4) laying the grade line on profile ; 
(5) calculating vertical curves; (G) cross-sectioning for 
earthwork; (7) calculating earthwork quantities; (8) set- 
ting grade stakes.) 



PROBLEM C5. VERTICAL CUEVE. 

(a) Equipment. — Drafting Instruments, profile paper. 

(b) Pro &Ietn .^Connect two grade lines by a parabolic 
curve, as assigned. 

(e) Methods.— (1) Plot the given grade lines, station 
numbers, etc., on a, sheet of profile paper. (3) Find the 
grade angle, i. e. the algebraic difference of the two rates 
of grade. (3) Determine the length of the vertical curve by 
dividing the grade angle by the assigned or adopted change 
of grade per station (notice the analogy to simple circular 
curves). (4) Calculate the apex correction. (5) Determine 
the corrections at the several stations or fractional stations 
(as assigned), and tabulate the stations and elevations. 
(6) Plot the vertical curve from the data so determined, 
as in Fig. 19d. (7) Also compute and plot the same curve 
by the method of chord gradients. 

PROBLEM 06. ESTABLISHING A GRADE LINE. 

(a) Equipment. — Leveling instrument, leveling rod, fiag 
pole, 100-foot steel tape, stakes, axe. 

(b) Problem. — Establish an assigned grade line. (1) by 
measured distances and calculate rod readings, and (S) by 
"shooting in" the same line, for comparison. 

(c) Methods. — (1) Stake off the distance between ruling 
points, and drive stakes to the required grade, or if desir- 
able, parallel to it, by dividing up the fall in proportion to 
the distance. (8) Set the level over one ruling point and 
determine the height from the point to the line of coilima- 
tion by means of the leveling rod ; set the flag pole behind 
the other ruling point and establish a target, consisting of a 
rubber band holding a strip of paper wrapped about the 
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Fig. 19d. 



pole at a height equal to the rod reading; baring thus con- 
structed a line parallel to the desired grade line, direct the 
telescope on the fore sight target, and with the same rod 
reading, " shoot in " the same stakes. Make careful record 
of data and comparative results. 



PfiOBLBM C7. SETTING SLOPE STAKES. 

(a) Equipment. — Leveling instrument, self-readiDg level- 
jn^ rod, SO-foot metallic tape, stakes, axe, marking crayon. 
(Or, instead of levelling' instrument and rod. use special 
cross-sectioning rods, if assigned.) 

(b) Problem, — Set slope stakes for the construction of a 
railroad, canal, etc., as assigned. 

(c) Methods. — (Follow the methods described in Chap- 
ter VIII, " Railroad Surverying," under the bead of " Cross- 
Sectioning,") 



PROBLEM C8 CALCULATION OF QUANTITIES. 

(a) Equiptnent. — (No instrumental equipment unless pla- 
nimeter is assigned.) 

(b) Problem. — Compute the quantity of earthwork for 
an assigned set of cross-section notes. 

(c) Methods.— {!) Transcribe the notes and carefully 
verify the copy. (2) Calculate the sectional area for ea<^ti 
station and intermediate in the notes, and prove the re- 
sults. (3) Calculate the volume by the " average end area " 
method, results to nearest 0.1 cubic yard, and check the 
same. (4) If so instructed, plot the notes on cross-section 
paper and determine the areas by means of the planimeter 
as a check. Becord the results. 



PROBLEM C9. STAKING OUT A BORROW PIT. 

(a) Equipment. — Engineers' level or transit with at- 
tached bubble, leveling rod tape, stakes, ase. 

(b) Problem. — Stake out a borrow pit and take notes re- 
quired for calculation of earthwork quantities. 

(c) Metkoda. — (1) Select a base line, preferably outside 
' the limits of the proposed borrow pit, set substantial station 

stakes say 50 or 100 feet apart along this base ; designate 
these stakes A, B, C, etc. (2) Establish auxiliary refer- 
ence lines by erecting perpendiculars to the base line at the 
several stakes, driving temporary stakes for pegs at suit- 
able distances on these lines. (3) Establish a permanent 
bench mark and run levels, as in profile leveling, along 
lines starting at A, B, C, etc., noting elevations both at 
pegs and at marked intermediate changes of slope. (4) la 
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case actijal construction is undertaken, repeat the levels 
along' tbe same auxlliar}' lines from time to time and cal- 
culate the quantities, (5) Itecord complete data. 
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(a) Equipment. — Lerel, level rod. 3 flag poles, 100-foot 
steel tape, chaining pins, 50-foot metallic tape, bubs, axe. 

(b) Problem. — Take level rod readings on the center line, 
right and left curb lines, right and left sidewalk lines, and 
right and left property lines to determine profiles and quan- 
tities for paving street. Plot profiies on Plate A profile 
paper to a scale of 100 feet to 1 inch horizontal and 10 feet 
to 1 inch vertical. Estimate the quantities of cut and fill, 
and paving materials. 

(c) Methods. — (1) Locate tbe center line of the street and 
set flag poles on line about 400 feet apart by ranging in 
with the eye. (3) Drive a hub at one end of the street and 
call this point station zero. (3) Run a line of differential 
levels from the Standard B. M. to tbe zero end of the line. 
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Bead the rod to 0.01 foot. (4) Read the level rod to 0.1 
foot on the ground at center hub. (5) Measure the dis- 
tance out to the right curb line, right sidewalk and right 
property lines with the metallic tape and read the rod to 
0.1 foot on the ground at station zero. (5) Measure the 
distance out to the center line to station 1. (8) Measure 
to the right and left from the chaining pin the required 
distances with the metallic tape and take rod readings as at 
station zero. (9) Eepeat the process at each station and at 
abrupt changes intermediate. (10) Check the level circuit, 
(11) Make profile on Plate A paper, scales 100 feet to the 
inch horizontal and 10 feet vertical, indicating the several 
lines by conventional lines or colors. (13) Lay grade line 
as directed. (13) Show plat at bottom of profile. (14) 
Plot sections to a, scale of 20 feet to the inch and determine 
areas. (15) Compute quantities of earthwork, paving, etc. 
Follow the form. 



PROBLEM Cll. CONTOUR LEVELING. 

(a) Equipment. — Engineers' leveling instrument, leveling 
rod, 100-foot steel tape, stakes, axe. 

(b) Problem. — Make a rapid contour survey of an as- 
signed tract of ground with the level and chain. 

(c) Methods. — (1) Examine the tract and plan the system 
of reference lines for locating the points at which levels 
are to be taken ; if the ground is comparatively regular, a 
simple subdivision into squares of 100 feet may suffice; but 
if much broken, special lines along gullies and ridges 
should be Included in the survey plan. (2) Stake off the 
tract according to the plan, and make a record of the same. 
(3) Starting from an assigned bench, determine the eleva- 
tions of the ground at the various stakes and at such other 
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points as may be required to give a correct basis for accu- 
rate contouring, (4) Plot the data, and interpolate con- 
tours at a apecifled interval, employing both numerical cal- 
culations and geometrical methoda. Fig. 19e. (5) Finish 
the plat, as required. 

PROBLEM Cl2, USE OP CONTOUR MAP. 

(a) Equipment. — Contour map, drafting instruments, etc. 

(b) Proftiem.— From the [;iyen contour map: (l)construct 
profiles on the assigned lines ; (3) project a line ot specified 
grade through assigned points on the contour map; make 
profile, lay grade line and estimate earthwork quantities 
approximately; (3) calculate the earthwork quantities 
from the map for given grade planes and limitations of 
area. (The third step may, perhaps, best be taken with a 
different map from the first two.) 

(c) Ifelhods.^(l) Use profile paper for the profiles. (2} 
To project the line on the map, set the dividers at the 
boiizontal distance in which the specified gradient will sur- 
mount the vertical interval between successive contour 
planes. Fig. 19f ; then beginning at a specified point, locate 
points on the successive contour lines up or down on the given 
gradient, as required ; sketch in the route roughly, and pro- 
ject a series of connected curved and tangent lines approxi- 
mating to it ; construct a profile along the new line ; lay 
the required grade line on the profile, and estimate approxi- 
mate earthwork quantities for specified dimensions and 
slopes of roadbed. (3) By means of end area method ^^al- 
culate the earthwork quantities required to establish the 
specified grade planes on the designated contoured area. 

PROBLEM C13. RECIPROCAL LEVELING. 

(a) Equipment. — Engineers' level, 2 leveling rods. 

(b) Problem. — Determine the diiTerence of elevation be- 
tween two bench marks on opposite sides of a river (or 
wide ravine) by reciprocal leveling. 

(c) Methoda. — (1) Set the level up so that a rod reading 
may be taken on both benches at one setting. Station a 
rodman at each bench. (3) Take a back sight consisting 
of a series of say 5 or 10 careful consecutive rod readings. 
(3) Without delay take a like series of readings for a fore- 
sight. (4) Set the instrument on the opposite side of the 
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river or ravine and repeat the above process. (5) Deter- 
mine a difference of deration by tailing tile difference be- 
tween the mean back sight and fore sig-ht for each setting, 
and finally take the mean of the two results. Observe rigid 
care in all details of the problem. 



f 




PROBLEM C14. TEST OF DELICACY OF BUBBLE VIAL. 

(a) Eguipmenf. — Engineers' leveling instrument, leveling 
rod, tape, level tester, 

(b) Prohlem. — Determine the radius of curvature of the 
assigned bubble vial. (1) by means of the optical test, and 
(3) by the level tester, 

(c) Methoas. — (1) Measure off a base line aay 100 feet 
long, set level at one end and hold rod on a peg driven at 
the other end; note the target movement corresponding to a 
given bubble movement, both in the same linear unit; cal- 
culate the radius by the method shown at (h), Fig. 18, (3) 
Set the level tester on a solid base and place the instru- 
ment on it, as indicated at (i). Fig, 18; by means of the 
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micrometer bead and known relations of the level tester, 
determine the angular equivalent in seconds for one divi- 
sion and also one inch movement of the bubble, from which 
calculate the radius of curvature of the vial in feet. Fol- 
low the form. 



PROBLEM C15. COMPARISON OF LEVEL TELESCOPES. 

(a) Equipment. — Five (or other specified number) engi- 
neers' levels (Itoth wye and dumpy), leveling rod, metallic 

(b) Problem. — Make a critical examination and compari- 
son of the telescopes of the assigned instruments. 

(c) Methodg. — Carefully read the discussion of the tele- 
scope in the text. Then compare the telescopes with refer- 
ence to: (1) magnifying power ; (2) chromatic aberration; 
(3) splierical aberration; (4) definition; (S) illumination; 
(6) flatness of fields ; (7) angular width of field; (8) effec- 
tive aperture of objective. Make tabulated record of com- 
pariaone, giving in separate columns; (a) locker numl>er; 
(b) kind of level; (c) name of maker; (d) magnifying 
power, and so on for the other points examined. 



PROBLEM Ci6. TESTS OF THE WYE LEVEL. 

(a) Equipment. — Wye level, feveling rod, tape. 

(b) Problem. — Test the essential relations and adjust- 
ments of the wye level. 

(c) Methodg. — Carefully note the construction of the as- 
signed level and the positions of the elementary lines. Then 
following the methods outlined in the text, test the fol- 
lowing adjustments (but do not disturb the adjusting 
screws) : (1) The bubble, both as to the azimuth and alti- 
tude movements ; find the position of the bubble when par- 
allel to the element of the rings. (2) The line of collima- 
tion; its deviation from the axis in 400 feet. (3) The wyes; 
finding the position of the bubble when the vertical axis is 
verticaL Keep a neat and systematic tabulated record of 
observed numerical data, with explanation of the several 

> adjustments. 
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PROBLEM C17. ADJUSTMENT OF THE WYE LEVEL. 

(a) Equipment. — Wye level (reserved expressly for ad- 
justment), leveling rod, tape, adjusting' pin. 

(b) Problem. — Make the full series of adjustments -of the 
wye level. 

(c) Methods. — Follow the methods detailed in the text 
according to the following program: (1) Adjust the bubble 
line (a) into the same plane with the bottom element of 
the rings, and (b) parallel to that element. (3) Adjust the 
line of collimation to coincide with the axis of the rings, 
first on a long distance ; and then, to test the object glass 
slide, try It for a short distance ; if necessary, ahift the 
reticule in rotation to make the horizontal hair horizontal, 
and also center the eyepiece. (3) Adjust the bubble line 
perpendicular to the vertical axis by means ot the wye 
nuts. (4) Test the rings of the wye level by the two-peg 
test; if the level has a reversion bubble, first test the paral- 
lelism of the top and bottom tangent lines, and then test 
the rings. Keep a clear and systematic record. In each 
case, state (a) the desired relation, (b) the test, and (c) 
the adjustment. 

PROBLEM C18. SKETCHING THE WYE LEVEL. 

(ft) Equipment. — Wye level. 

(b) Problem. — Make a first-class freehand sketch of the 
assigned wye level, 

(c) Methods, — The sketch should be correct in proportion 
and clear In detail. The essential parts should be desig- 
nated in neat and draftsmanlike form, and the elementary 
lines clearly indicated. 

PROBLEM Cl9. TESTS OF THE DUMPY LEVEL. 

(a) Equipment. — Dumpy level, leveling rod, tape. 

(b) Problem. — Test the essential relations and adjust- 
ments of the dumpy level, 

(e) Methods. — Carefully note the construction of the as- 
signed level and the position of the elementary lines. Then, 
following the methods outlined in the text, test the follow- 
ing adjustments; (I) the bubble line, whether perpendicu- 
lar to the vertical axis; and if not, what is the angular 
Inclination of the vertical axis when the bubble is In the 
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middle? (3) The line of colllmatioii, whether parallel to 
the bubble line. Kecord the errors and observations sjb- 
tematically. 

PROBLEM C20. ADJUSTMENT OP THE DUMPY LEVEL. 

(a) Equipment. — Dumpy level (reserved expressly for ad- 
justment), leveling rod, tape, pegs, ase, adjusting pin. 

(b) Problem, — Make the essential adjustments of the as- 
signed dumpy level. 

(c) Methoda.- — (1) Adjust the bubble line perpendicular 
to the vertical axis. (2) Adjust the line of collimation par- 
allel to the bubble line by the two-peg method. In describ- 
ing the adjustments, the record should state (a) the desired 
relation, (b) the test, and (c) the adjustment. 

PROBLEM C31. SKETCHING THE DUMPY LEVEL. 

(See Problem Cl8.) 

PROBLEM C22. STRETCHING CROSS-HAIRS. 

(a) Bffttipment.— Engineers' level or transit (or cross- 
hair reticule), pocket cross-hair outfit, reading glass. 

(b) Pro B Jem.— Renew the cross-hairs in a level or transit 
instrument by a method applicable to field use. 

(c) Methods. — (If instrument is provided, follow the 
complete program outlined below ; otherwise, merely stretch 
the lines on the reticule and test same.) (1) Remove the 
eyepiece, carefully preserving the screws from loss. (3) 
Remove one pair of the capstan headed reticule screws; 
turn the ring edgewise and insert a sharpened stick in the 
exposed screw hole, take out the other two screws and re- 
move reticule from t«lescope tube. (3) Clean the cross-hair 
graduations, and support the reticule on a sharpened stick, 
or (if a transit) place it on the abject glass with a piece of 
paper interposed to protect the lens. (4) Select from the 
capsule (see (d). Fig. 17) two spider lines 2 inches or more 
long, and fasten a stick to either end of each hair by means 
of glue from the adhesive paper. (5) Put the hairs in place, 
'(with the bits of wood banging loose), shifting them as 
desired with a pin point or knife blade. (6) Apply a bit of 
the moistened adhesive paper to the reticule over each hair, 
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and after a lew miDutes cut or break the sticks loose. (7) 
Test the hairs by blowing on them full force. (8) If they 
stand this test, replace the reticule, and adjust the instru- 
ment. Hake a record of the process. 

PROBLEM C23. ERROR OF SETTING A LEVEL TARGET, 

(a) Equipment. — Engineers' leveling instrument, leveling 
rod (preferably a New York or Boston rod), tape, pegs. 

(b) Problem. — Determine the probable error of setting 
the level target at distances of 100 and 300 feet (or such 
oth^r distances as may be assigned). 
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(c) Methods. — (1) Determine the magnifying power of 
the telescope, (2) Determine the radius of curvature of 
the level vial by the field method. (3 ) Determine the apace 
on the rod covered by the diameter of the hair, (4) Drive 
a peg at 100 feet from the level, level up, and secure ten sat- 
isfactory consecutive rod readings with rod held truly plumb 
on the peg; sliift the target several inches between read- 
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ioga, and reset -without bias ; reject no readings ; watch the 
bubble closely, but work briskly, (4) Repeat the series at 
300 feet. (5) Determine for each distance the mean rod, 
the probable error of a single reading, and of the niean, as 
indicated in the form. 

PROBLEM C24. MAKING A LEVELING ROB. 

(a) Equipment. — Piece of straight dressed clear white 
pine of proper dimensions, steel tape graduated to 0.01 foot, 
carpenter's tri-square, paint, etc. 

(b) Problem. — Make a self-reading leveling rod. 

(c) Uethodg.— (To be devised by the student. See Fig. 37 
for suggested graduations.) 



(a) Equipment. — Department equipment, catalogs of rep- 
resentative engineering instrument makers. 

(b) Problem. — Make a critical comparison of the several 
types and makes of engineers' levels. 

(c) Methods. — Examine the department equipment and 
study the several catalogs carefully, noting the usual and 
special features, prices, etc., and prepare a systematic sum- 
mary or digest of the same. Prepare brief specifications 
for a leveling instrument, and also suggest the preferred 
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CHAPTER V. 

THE TRANSIT. 



Sescrlptloii. — The engineers' transit consists of an ali- 
dade, carrying- the line of sight, attached to an inner verti- 
cal spindle (or upper motion) which turns in an outer an- 
nular spindle (or lower motion). The latter tarries the 
horizontal graduated circle or limb, and ia supp()rted by the 
tripod head. The alidade includes the telescope, magnetic 
needle with its graduated circle, and the vernier; it may be 
revolved while the graduated limb remains stationary. The 
horizontal limb is graduated to degrees and half degrees 
and sometimes to twenty minutes, and is numbered prefer- 
ably from zero to 360° in both directions. 

The complete transit differs from the plain transit. Fig. 
. 20, in having a vertical arc and level bubble attached to 
the telescope. 
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In Fig. SI are shown: (a) the English theodolite; (b) . 
the shifting plates and foot screws of a transit; (c) the 
Saegwuller solar attachment to the transit; (d) the gra- 
dienter; (e) tcipoila;'(f) reflectors; (g) reading gflasa ; (h) 
flagpoles; (i) plumb bobs; (j) the Brunton pocket transit. 

The Vernier.— The vernier is an auxiliary scale used to 
read fractional parts of the main graduated scale or limb. 
The least count of a direct vernier is found by dividing the 
value of one division of the limb by the number of divisions 
on the vernier. With a limb graduated to half degrees and 
a direct vernier reading to single minutes 30 divisions on 
the vernier cover 29 divisions on the limb. 

In reading a direct vernier observe the following rule: 
Bead from the zero of the limb to the zero of the vernier, 
then along on the vernier until coincident lines are found. 
Add the reading of the vernier to the reading of Ihe limb. 

In getting the vernier to a given reading, as for example 
a zero reading for measuring an angle, the tangent move- 
ment ehould be given a quick short motion to secure the 
last refinement, since a slow movement is not noticed by 
the eye. Notice adjacent and end graduations. 

In Fig. 23, (c) is a vernier reading to single minutes, (d) 
to half minutes (30"), and (e) to thirds of minutes (30"). 
The slant in the numerals on the limb corresponds with 
that on the vernier. 

USE OF THE TRANSIT. 

Uae. — The complete transit is used : (1) to prolong lines; 
(2) to measure horizontal angles; (3) to measure vertical 
angles; (4) to run levels; (5) to establish grade lines. The 
plain transit is confined to the first two uses, unless it has 
a vertical clamp and tangent movement, when it may be 
used to " shoot in " grade lines. 

Prolongatton of Lines. — If the instrument is in adjust- 
ment a line can be prolonged by sighting at the rear sta- 
tion and reversing the telescope in altitude. It is, however, 
not safe to depend on the adjustments of the transit, and 
important lines should always be prolonged by the method 
of " double sights," as given in Problem D2, Lines may be 
prolonged with the plates by sighting at the rear station 
with the A vernier reading 180°, reversing the alidade in 
azimuth and locating stations ahead with the A vernier 
reading zero. A third method employs two points ahead 
of the instrument. 



100 THE TRANSIT. 

Heasnrement of Horizontal Asglea Horizontal angles 

are meaaured as described in Problem Dl. If greater ac- 
curacy is required, angles may be measured by series or 
by repetition. 

By Series. — In measuring an angle by series all the 
angles around the point are read to the right, both verniers 
being read to elimiuate eccentricity. The instrument is 
then reversed in altitude ^nd azimuth and all the angles 
around the point are read to the lett~ The readings are 
checked by sighting back on the first point in each case. 
These observations constitute one " set." The vernier is 
shifted between sets 360° divided by the number of sets. 
The arithmetical mean of the observed values is taken as 
the true value. 

By Bepetition. — Angles are measured by repetition as 
described in Problem D13. Thia method is especially suited 
to the accurate measurement of angles with an ordinary 
transit, and ia to be preferred to the series method, which is 
a favorite where precise instruments are used. In the repe- 
tition method all the instrumental errors are eliminated 
and the error of reading is very much reduced. It is doubt- 
ful if it is ever consistent to make more than 5 or 6 repe- 
titions. 

Azimuth. — The azimuth of a line is the horizontal angle 
which it makes with a line of reference through one of its 
ends, the angles being measured to the right from 0' to 
360°, as in (f) Fig. 33. It Is usual to assume that the true 
ineridian is the line of reference, the south point being 
taken as zero in common surveying. 

Deflection.— The deflection of a line ia the angle that it 
makes with the preceding line produced, and is called de- 
flection right or left depending upon whether the angle is 
on the right or left side of the line produced, as in (h). 
Fig. E3. 

Verticat Ang'les.— Vertical angles are referred to the 
horizon determined by the plane of the level under the 
telescope, and are angles of depression or elevation relative 
to that plane. In measuring vertical angles the instrument 
should be leveled by means of the level under the telescope 
and correction should be made for index error of the ver- 
nier. With a transit having a complete vertical circle, the 
true vertical angle may be obtained by measuring the 
angle with the telescope normal and reversed and taking 
the mean. 

Traversing.— A traverse is a aeries of lines whoso 
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leng+ha and relative directions are known Traversea are 
used in determining areas, locating highways railroads etc 

Azimuth Traverse. — In an azimuth traverse the azimutha 
of the lines are determined usually passing around the 
field to the right. In orienUng the transit at any station 
the A vernier is set to read the azimuth of the preceding 
course, the telescope is reversed directed towards the pre- 
ceding station and the lower motion clamped the telescope 
is then reversed in altitude. The reading of the A vernier 
with telescope normal will then give the azimuth of any line 
sighted on. If there is any error in collimation the transit 
may be oriented by sighting back with the A vernier read- 
ing the back azimuth of the preceding course. In a closed 
traverse the last front azimuth should agree with the first 
back 'azimuth. The azimuth traverse is especially adapted 
to stadia and railroad work. Azimuths can be easily 
changed to bearings, if desired. 

Deflection Traverse. — In a deflection traverse the de- 
flection of each line is determined, usually passing around 
the field to the right. To avoid discrepancies due to error 
in collimation, the transit may be oriented by sighting at 
the preceding station with the A vernier set at 180°, the 
telescope being in its normal position, and the lower mo- 
tion clamped. The reading of the A vernier will then give, 
the deflection of any line sighted on. 

Compass Bearings. — Compass bearings should always 
be read on an extended traverse as a check against such 
errors as using the wrong motion or an erroneous reading 
of the vernier. To guard against errors due to local attrac- 
tion, back and front bearings should always he read, and 
the angle thus detfermined compared with the transit angle. 

Leveling with the Transit— The transit with an at- 
tached level is the complete equivalent for the engineers' 
level. The instrument is leveled up with the plate levels 
first, after which the position of the attached bubble is con- 
trolled by means of the vertical tangent movement. 

Qrade Lines. — Grade lines may be established with tlie 
transit either by means of known dislances and calculated 
rod readings, or by " shooting in " a parallel line by means 
of the inclined telescope, as described under the use of the 
engineers' level. For the latter purpose the transit is 
rather more convenient than the level. 

Setting up the Transit. — To set the transit over a point, 
spread the legs so that they will make an angle of about 
30°, place them symmetrically alxiut the point with two legs 
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down hill. Bring one plate level parallel to two of the legs, 
force these legs firmly into the ground and bring the plumb 
bob over the point and the plates approximately level with 
the third leg, changing the position of the plumb bob with 
a radial motion and leveling the plates with a circular mo- 
tion of the leg. Finish the centering with the shifting 
plates. In leveling up, the bubbles move with the left 
thumb. Use care to bring the foot serene to a proper 
bearing. 

Parallax.- — Before beginning the observations the eye- 
piece should be carefully focused on the cross-hairs so as Ia 
prevent parallax. 

Back Sight With Transit. — Always cJieck the bade sight 
before moiHng the trangil to see that the instrument has not 
been disturbed or that a wrong motion has not been used. 

Instramental Errora. — The transit should be kept in as 
perfect adjustment as possible, and should be used habit- 
ually as though it were out of adjustment, that is, so that 
the instrumental errors will balance. No opportunity 
should be lost to test adjustments. 

ADJUSTMENTS OF THE TRANSIT. 

Elementary Lines. — Fig. 23 shows the elementary lines 
of the transit, viz., (1) line of collimation; (2) horizontal, 
axis; (3) vertical axis; (4) plate level lines: (5) attached 
level lines. These lines should have the following relations ; 
(a) the plate levels should be perpendicular to the vertical 
axii; (b) the line of collimation should be perpendicular to 
the horizontal axis ; (c) the horizontal axis should be per- 
pendicular to the vertical axis; (d) the attached level line 
should be parallel to the line of collimation. The following 
additional relations should exist: (e) the vertical axes of 
the upper and lower motions should be coincident; (f) the 
optical center of the objective should be projected in the 
line of collimation; (g) the center of the graduated circle 
should be the center of rotation, i. e., there should be no 
eccentricity. 

Plate Levels.— -To make the plate leveU perpendicular to 
the vertical axis. — Make the vertical axis vertical and ad- 
just the hubliles to the middle of their race. The vertical 
axis is made vertical by leveling up, reversing in azimuth, 
and if the bubbles move, bring them half way back with 
the foot screws. The adjustment is the same as for the 
compass, and the reasons are shown in (a), Fig. 13. 
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After adjusting the plate levels with reference to say the 
upper motion, test them with the lower motion to prove 
the coincidence of the vertical axes. 




Fig. 22, 

Line of Collimation. — To mal;e the line of cotlimation 
perpendicular to the horizontal ajris. — Construct a straight 
line and adjust the vertical hair so that the instrument will 
reverse in altitude on it The straight line may be estab- 
lished either by prolongation beyond a point in front, or 
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preferably by the methods of double sigfhting, described in 
Prohleiii,DS, One-fourth the apparent error ia corrected in 
second case na shown in (a). Fig. 33. In deciding which 
way to move the hair, notice that the optical center is the 
fulcrum. The tranait should be cbllimated first for equal 
back and fore sighta, say 100 feet or so, and then checked 
for a distant point in one direction and perhaps 50 feet in 
the other, 8o as to test the motion of the optical center of 
the objective. The points should all be as definite as pos- 
sible. Chaining pins may be used, or V-marks may be made 
on the side of a stake driven securely. Each altitude re- 
versal should be checked back and forth to make sure of 
the prolongations, and the telescope should be handled very 
carefully. If the cross-hair reticule la removed from the 
instrument or should be much disturbed, the foregoing ad- 
justment is made approximately and the hair is made ver- 
tical by sighting on a plumb line, such as the corner of a 
building, or by noting whether the hair continuously covers 
the same point as the telescope is moved in altitude ; the 
collimation adjustment is then made precisely. 

HorisEoatal Axis. — To make the horizontal axU perpen- 
dicular to the vertical a*tg. — Adjust the horiontal axis go 
that the line of collimation will follow) a plumb line. An 
actual plumb line may be used ; or preferably a vertical line 
may be constructed by first sighting on a high point, then 
depressing the telescope and marking a low point; then re- 
versing in altitude and azimuth (turning the horizontal axis 
end for end), sighting at the high point again and marking 
a second low poini beside the first one. The mean of the 
two low points is vertically beneath the upper one. The 
transverse plate level is especially important in this process. 
One end of the horizontal axis is changed, as In (b). 
Fig. 23. 

Attached Lerel.— 7*0 make the attached level and the line 
of collimation parallel to each other. -^Construct a level line 
and adjust the instrument to agree with it. The level line 
may be obtained either by using the surface of a still body 
of water, as of a pond, or it may be constructed by equal 
back and fore sights, as indicated in (e). Fig. 16. Either 
the horizontal hair may be changed to bring the line of 
collimation parallel to the bubble line, or vice versa. The 
method is the same as used for the dumpy level. 

If the bubble vial is a reversion level, as shown at (b). 
Fig. 18, the adjustment is much simpler. However, the 
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two-peg test should be applied at least once to the rever* 
sion level to prove the paralletism of the top and bottom 
tangent lines of the bubble vial. 




Vertical Arc. — Aft«r the last preceding adjustment, the 
vernier of the vertical circle should be made to read zero 
when the bubble ia at the center of the tube. Bring the 
bubble to the center and shift the vernier to read zero. If 
the vernier is fixed, an index correction may be applied to 
all vertical angles ; or the bubble may be made to agree 
with the vernier and the horizontal hair then adjusted by 
the two-peg method. 

Xcceutricity. — Read the two verniers at intervals around 
the circle ; if the verniers have changed the sa 
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each case the circle is well centered, I( the two vernlerB 
have not changed the same amount, the mean of the angfle.i 
passed over by the verniers is the actual angle through 
which the instrumeDt has turned. The error cannot be ad- 
justed. 

Centering the Eyepiece. — If the intersection of the 
cross-hairs is not in the center of the field of view, move 
the inner ring of the eyepiece slide by means of the screws 
which hold it. 



PROBLEMS WITH THE TRANSIT. 
PROBLEM Dl. ANGLES OF A TRIANGLE WITH TRANSIT, 

(a) Eguipment. — Transit, 3 flag poles, reading-glass. 

(b) Problem. — Measure the angles of a given triangle 
with the transit. 

(c) Methods. — (1) Set the transit over one of the vertices 
of the triangle and plunib a transit pole over each of the 
other two, (3) Set the A vernier to read zero, sight at the 
left hand point approximately, clamp the lower motion and 
make an exact bisection with the lower tangent movement. 
(3) Unclamp the upper motion, sight at the right hand 
point approximately and make an exact bisection with the 
upper tangent movement. (4) Read the A vernier to the 
nearest single minute. This reading is the angle sought. 
(5) With the A vernier set to read zero repeat the measure- 
ment, sighting first at the right hand station and then at 
the left. The recorded value of the angle is to be the mean 
of these two determinations which must not differ by more 
than one minute. (6) Measure the other angles in like 
manner. The error of closure must not exceed one minute. 
Follow the prescribed form. 



(a) Effufpmen*,— Transit, 3 flag poles, axe, 6 hubs, 6 flat 
stakes, tacks, 

(b) Prolilem. — Prolong a 300-foot base line successively 
with the transit by the method of " double sights " about 
1500 feet, and check on a hub previously established, 

(c) Methods. — (1) Drive two hubs, A and F, about 1500 
feet apart. (2) Set the transit over tack in hub A, sight at 
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flag pole plumbed over tack in hub F, drive hub B about 
300 feet from the transit and locate a tack in line very 
carefully. Remove the flag pole from hub F. (3) Set the 
transit over hub B, back sight on hub A and clamp the ver- 
tical axis. (4) Reverse the telescope, drive hub C at a dis- 
tance of about 300 feet and mark line very carefully wit^ a 
pencil. (5) Reverse the transit in azimuth, sight on hub A; 
reverse the telescope and locate a second point on hub C. 
Drive a tack midway between these two points. (6) Set the 
transit over the mean point on hub C, back sight on hub 
B, prolong 300 feet and set hub D by double sights. (7) Set 
over hub D, back sight on hub C, prolong, 300 feet and set 
hub E, as before. (8) Finally prolong from hub E, with 
back sight on D, and establish mean tack at terminal hub 
F. Record the collimation errors at C, D, B, and the final 
error at F. Follow the form. 



PROBLEM D3. INTERSECTION OF LINES BY TRANSIT, 

(a) Equipment. — Transit, 2 flag poles, plumb bob string, 
axe. 6 bubs, 6 flat stakes, tacks, marking crayon. 

(b) Problem. — Determine the intersection of the bisect- 
ing lines of two angles of a triangle and check by bisect- 
ing the third angle. 

(c) Methods. — (1) Drive and tack three hubs so as to 
form a triangle approximately equilateral and having aides 
about 400 feet long; properly witness the hubs with guard 
stakes, (3) Set the transit over one of the vertices of the 
triangle, and measure the angle as in Problem Dl. (3) Set 
two hubs on the bisecting line, about 6 feet apart, so that 
the point of intersection of the bisecting lines will come 
between them, and mark the line by stretching a string be- 
tween the hubs. Check by measuring each half angle inde- 
pendently. (4) Set the transit over one of the other ver- 
tices of the triangle, measure the angle and determine the 
bisecting line as at the first point. (5) Drive a hub at the 
intersection of the two bisecting lines and mark th& exact 
point with a tack; check by measuring each half angle in- 
dependently. (6) Set the transit over the third vertex and 
determine the angular and linear error of intersection. (7) 
As a final check measure the angles around the point of in- 
tersection of the bisectors. The angular error of closure of 
any triangle should not exceed one minute. Follow the 
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PROBLEM D4. HEFEKENCING OUT A POINT. 

(a) Equipment. — Transit, 3 flag poles, 100-foot steel tape, 
axe, 6 huba, 6 flat stakes, marking crayon, tacks. 

(b) Problem. — Reference out a point with a transit and 
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(c) Methods.— (1) Drive two huba about 500 feet apart 
and. mark them with guard stakes. (3) Set the transit 
over one of the hubs and reference it out as shown in the 
diagram. All hubs should be driveii flush with the ground, 
and the exact points should be marked by means of tacks 
driven into the tops of the hubs. Record in proper form. 



PROBLEM D5. TRIANGULATION ACROSS RIVER. 

(a) Eqtiipmcfit. — Transit, 2 flag poles, 100-foot ateel tape, 
axe, 4 hubs, 4 flat stakes, tacks. 

(b) Probtem. — Determine the distance across an imagv 
inarj river by triangulating with the transit and check by 
direct measurement. 

Sfmpfe and l&pid Mefchoda of Triarqolatioff. 
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(c) lfe(fto(i«.— (To be devised by the student. Use this 
and the next problem to learn the relative merits of several 
good methods. The " rule of ten " method in the sketch be- 
low is very rapid and also quite accurate.) 

PROBLEM D6. PASSING OBSTACLE WITH TRANSIT. 

fa) Equipment. — Transit, 100-feet steel tape, 2 flag polea, 
axe, hubs, flat stakes, tacks. 
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(b) Protiletn. — Prolong a line beyond an imaginary ob- 
stacle by three methods and check by direct measurement. 

(c) Methods. — (To be devised by tlie student.) 

PROBLEM D7. TRAVEESE OP FIELD WITH TRANSIT. 

(a) Equipment, — Transit, 2 flag poles, 100-foot steel tape. 

(b) Problem, — Determine the deflections of the sides of 
an assigned field with the transit, check angles by observing 
the magnetic bearings, and measure the lengths of the 
sides 'With a steel tape. 

(c) Methodg.— (l) Set the transit over one corner of the 
fleld, set the A vernier to read 180°, and sight at a flag 
pole plumbed over the point to the left with the telescope 
normal. Read and record the magnetic bearing. (2) Keep 
the telescope normal and sight at the next point to the right. 
The reading of the A vernier will be the deflection of the 
second line, (3) Read and record the magnetic bearing 
and compare the transit and magnetic deflections. (4) Re- 
peat this process for the remaining corners of the polygon 
taken in succession to the right. Deflections will be based 
on duplicate readings agreeing within one minute. (5) 
Measure the sides to the nearest 0.01 foot with the tape. 
Compare the tape with the standard at the beginning and 
conclusion of the chaining, (6) From the observed deflec- 
tions determine the bearings of the fleld assuming one side 
as a true meridian. The angular error of closure must not 
exceed one minute. Record and reduce data as in the pre- 
scribed form. Should a side of the fleld be obstructed, use 
one or more auxiliary points (see (c) of D8). 

(Most engineers prefer " plunge reversals " to the above 
method of " plate reversals." To avoid the eollimation error 
involved in a single plunge reversal, the principles of 
" double sights " must be used and the mean angle taken. 
To save time, some engineers try to keep the transit always 
in flrst-class adjustment, so as to omit one altitude reversal 
in the "plunge" method, and some turn the transit "end 
for end" (reverse in azimuth) every setting or so.) 

PROBLEM D8. AREA OF FIELD WITH TRANSIT. 

(a) Equipment. — Five-place table of logarithms. 

(b) Problem. — Compute the area of the assigned field by 
means of latitudes and departures. 
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(c) Methods, — (Follotv the instructions in the correspond- 
ing problem with the compass. Problem B4, preserving' the 
same degree of precision in the computed, latitudes and de- 
partures as in the field pieaaurements. In case auxiliary 
Etations are used on an obstructed aide of the field, calcu- 
late the latitudes and departures of the polygon actually 
traversed in the field, and then to find the area drop the 
false corners in calculating the meridian distance and the 
latitude of the real side of the field.) 

PROBLEM D9. STAKING OUT A BUILDING. 

(a) Bi7«ipmen(.— Transit, 100-foot steel tape, 2 flag poles, 
axe, hubs, tacks, plan of building 

(b) Pro1>lem. — On an assigned plot of ground stake out 
the assigned building. 

(c) M ethoda ,— (1) Orient one side of the enclosing rect- 
angle with reference to a true meridian or a street line, 
( a) Locate and check up the corners of the rectangle by set- 
ting over each corner in turn, passing around to the right, 
back-sighting on the corner to the left, turning off 90" 
and locating the corner to the right. (3 ) Locate the corners 
of the building by setting stakes on the side lines of the 
building produced, using the rectangle as a base line. (4) 
Check all stakes by additional measurements. The rect- 
angle should close to the nearest minute, the linear error 
should not exceed 1 : 50,000. Follow the form. 



PBOBLEM DIO. HEIGHT OF TOWER WITH TRANSIT. 

(a) Eqwipmevt. — Complete transit, 2 flag poles, leveling 
rod, 100-foot steel tape, axe, bubs, tacks. 

(b) Proftfem.— Determine the heightof an assigned tower 
with the transit and steel tape. 

(c) Methods. — (1) Set the transit over a hub located a 
little further from the base than the height of the tower. 
(3) Level the instrument very carefully with the attached 
level and determine the index error of the vertical circle. 
(3) Bring the bubble of the attached level to the center 
and read a level rod held on the base of the tower (4) 
Sight at the top of the tower, read the vertical angle, cor- 
rect for index error and record. (5) Reverse the telescope 
and locate a second point at least as far from the first as 
the height of the tower, check by " double sights," (8) Set 
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the transit over the second hub, sight at the top of the 
tower and read the vertical angle, as before. (7) Read the 
level rod on the base of the tower as before. Each angle 
and rod reading is to be based on duplicate readings. Pol- 
low the f onn. 



PROBLEM Dll. SURVEY OF LINE SHAFTING. 

(a) Egvipmetit. — Engineers' transit with attached bubble, 
leveling rod (or instead of these engineers' instruments, a 
16- foot metal-bound straight-edge with an adjustable bubble 
of say SO-foot radius, a long braided fishing line, and 3 long 
metal suspenders made exactly alike, from which to sus- 
pend straight-edge from line of shafting), 2 good plumb 
bobs, 50-foot etched steel tape, copper tacks, hatchet, 

(b) ProWem. — Make a survey of a line of shafting in a 
machine shop, and establish a true alinemeut for it, both 
vertically and transversely: 



(c) Methoa».~-{l) Establish a reference line for lateral 
deviations and carefully mark the same. (3) Select a suit- 
able permanent bench mark to which the levels may be re- 
ferred. (3) Determine the horizontal distance from the 
vertical reference plane to the line shafting at selected 
points, say at each hanger. (4) Determine the elevations 
of the same points by the methods of profile leveling. (5) 
Plot the data as suggested in the diagram. (6) Note the 
ruling points and permissible change both laterally and 
vertically at each hanger, and record the data. (7) Lay 
grade lines, and prepare data to shift the line shafting to a 
true position. (8) Make complete record of results. 
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PROBLEM D12. SURVEY OF RACE TRACK. 

(a) Equipment. — Outfit for transit party (instrument 
assigned, a long wire, say No. SO, spring balance, tlier- 
mometer, etc.). 

(b) ProJtlem. — Make the survey for a. race track, as in- 
structed. 

(c) Methods.— (^1) Standardize steel tape, noting temper- 
ature and puU. (2) Make a careful examination of the tract 
of land with a view to secure the best location for the race 



Sequbtion One-Mile and Half-Mile Trottinq Tracks. 




The standard distance k measured on a line 3 Feet From the 
hiA-board. Theinner edgeof the tmck i5thasZn-3''i8.85feek 
shorter than the standard distance. The track i3%Bnl(ed"on 
arves from !'-l?tol:15,and,toprsyi'dedr3inaqe,shtpvid be sloped 
one Foot on the straight stretcires. The ends oFcurivs are some- 
times Flattened. 

track as regards visibility, drainage, economy of construc- 
tion and maintenance, etc. (3) After fixing the ruling 
points, establish the principal axis of the track by locating 
the centers of the two semi-circles and the intersections of 
the axis with the curves; also establish the ends of the 
curves, preferably on the true measured line (3 feet from, 
the hub plank for a sulky track, and 18 inches from the 
inner edge for a bicycle track). (4) Bun in each quadrant. 
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either by the deflection angle method, or, if trees or other 
obstructions do not prevent, by using the wire as a radiuB 
with observed pull ; set points 16 feet apnrt unless in- 
structed otherwise. (5) After locating the true line, check 
up the total distance very carefully. (6) Make plat and 
complete record of survey. 



PBOBLEM D13. ANGLES OF TRIANGLE BY KEPETITION. 

(a) Equipment. — Transit, reading glass, 2 chaining pins, 
2 tripods with plumb bobs (if necessary). 

(b) Problem. — Measure the angles of a prescribed tri- 
angle with transit by repetition. 
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(c) Methodg. — (1) Set the transit over one of the vertices 
of the triangle and set chaining pins in the tops of the mon- 
uments at the other two. (2) Set the A vernier to read 
zero. (3) Sight at the left hand station with the bubble 
down, and clamp the lower motion. (4) Unclamp the upper 
motion, sight at the right hand station, read both verniers 
and record, (5) Unclamp the lower motion, sight at the 
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left hand station, and cbeck the ventiera to see that they 
have not moved. (6) UDclamp the upper motion and sight 
at the right hand etatinn but do not read verniers. Repeat 
until five repetitions of the angle are secured, and read 
both Tcmiers to eliminate errors of eecentrloity. (7) Di- 
vide the arithmetical mean of the two vernier readings by 
five and compare with the value obtained by single measure- 
ment. (8) Reverse the instrumeot in altitude, and set the 
A vernier to read zero. (9) Sight at the right hand station 
with the bubble up, and clamp the lower motion. (10) Un- 
clamp the upper motion, sight at the left hand station, read 
both verniers and record. (11) Unclamp the lower motion, 
sight at the right hand station, and check the verniers to 
see that they have not moved. (12) Unclamp the upper 
motion and sight at the left hand station, but do Dot read 
the verniers. Repeat until flve repetitions of the angle are 
secured, and read both verniers to eliminate errors of ec- 
centricity. (13) Divide the mean of the two vernier read- 
ings by five and compare with the value obtained by single 
measurement. (14) Take the mean of the two sets as the 
most probable value, (15) Measure the other angles in the 
same manner. The angular error of closure should not 
exceed 15*. Follow the form. 



(a) Equipment. — Complete transit, reading glass, hub, 3 
flat stakes, board 2"x 4"x 3'. 4 8d nails, axe, 2 lanterns, 
good watch set and regulated to keep railroad time. 

(b) Problem. — Determine a true meridian by an observa- 
tion on Polaris at elongation, 

(c) Methodi.— (l) Calculate the time of elongation of 
Polaris, and regulate and set a good reliable watch to keep 
railroad time (mean solar time). Calculate the time of 
elongation of Polaris from Table II. 

Set the transit over a hub about 40 minutes before the time 
of elongation. Level the instrument very carefully, and 
set the vernier of the vertical circle to read the latitude of 
the place. (2) Focus the objective on a bright star; sight 
at Polaris which will be found by following the pointers of 
the Great Dipper, at an elevation equal to the latitude of 
the place. (3) With a reflector or a piece of white paper re- 
flect light into the telescope so that the cross-haira and the 
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imag^e of Polaris will be visible at tbe same time. (4) De- 
press the telescope and establisli a target at a dietaoce of 
about 500 feet; place tlie plank on the ground and nail it 
firmly to flat stakes, driving one at each end. (5) I>ev-el up 
again and follow Polaris with the telescope by means of the 
tangent movement ; at elongation it will appear to traverse 
the vertical hair for several minutes. (6) Depress the tele- 
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scope, Bight at a pencil held on the target and mark the 
point very carefully. (7) As a check make three observa- 
tions within half an hour after elongation, noting the time 
of sighting on the star. Keverse the instrument in altitude 
and azimuth after the first check observation, (8) Reduce 
the check observations to observations at elongation by the 
following rule : Multiply the square of the time since 
elongation in minutes by 0.038, and the product will be the 
correction to the azimuth of I'olaria in seconds of arc, for 
latitude 40°. (9) The next morning lay off the azimuth ot 
Polaris for each observation to the east or west, depending 
npon whether the observation was made at western or east- 
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em elongation. (10) Check the observed meridian with the 
standard meridian. The error of the mean of the four ob- 
servations should not exceed one minute. Record and re- 
duce the data as in the form. 



(a) Equipment. — The same as in Problem D14. 

(b) Problem. — Determine a true meridian by observing 
Polaris at any time. 

(c) Melhods.~Ma.ke the observations as descril>ed in 
Problem D14, noting the time of observation to the near- 
est minute, and reversing the instrument in altitude and 
azimuth between the 3rd and 4th observations. The transit 
should be leveled up very carefully , with the attached 
bubble, particular attention being given to the horizontal 
plate level at right angles to the line of sight. (2) Kednce 
the observations by means of the tables. 

A star cornea to the meridian 4 minutes (nearly) earlier 
each day than it did the preceding day. The sideral day is 
therefore shorter than the solar day, the time from upper 
culmination to upper culmination being 33 hours 56.1 min- 
utes mean aolai time. The time from Upper Culmination to 
Lower Culmination is 11 hours 58 minutes. 

Astronomical time, or Local Mean Solar time, is the time 
that would be kept by the mean sun and is obtained from 
Standard, or railroad time, by adding or subtractinfr 4 min- 
utes for each degree of longitude that the place of obser- 
vation Is east or west of the Standard Meridian, The As- 
tronomical day begins at noon of the civil day of the same 
date, and is reckoned from zero to 24 hours. 

The Hour Angle of Polaris is found by subtracting the 
correct Local Mean Solar time of Upper Culmination. 
Table II, from the Local Mean Solar time of observation. 

The Time Argument used in entering Table IV is the 
Hour Angle of Polaris, or 23 hours 56.1 minutes minus the 
Hour Angle of Polaris. Table IV is used as follows : Find 
the " hours and minutes " of the time argument in the left 
hand column of either page of Table IV. On the horizontal 
line with the "time before or after upper culmination" 
(time argument), the azimuth of Polaris for a declination 
of Polaris of 88° 51' will be found in the column under the 
given latitude. The correction to the azimuth for each 
10 
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minu'te of change in Deciination of Polaris are given in the 
last two (.'olumns on each page. The thanges for latitudes 
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found from Table III. For example the azlmutli of Polaris 
with a time argument of 9 hours and 15 minutes In latitude 
40°, on April 21, 1915, was as follows : From Table III the 
declination of Polaris on April 21 was very closely 88' 
51.25'. From Table IV for declination 88° 51' the azimuth 
of Polaris was 58.65'; the correction for 0,25' was 0.83 X 
0.25^.21', and the azimuth was 58.65' — O.Sl =58.44'. If 
the exact time argument is not found in the table, the azi- 
mutli may be found with sufficient accuracy by direct inter- 
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polation. Azimuths for latitudes between values given In 
Table IV maj be found by direct interpolation. The 
nearest whole degree of latitude is usually sufficiently ac- 

TABLE III. 

DECLIRATION of POLABia FOB 191S. 



Date 




Date 




Ju> 1 
































M»rch 1 

April 'i:::;:: 




Sept. ^1 


lis 




Oct. i::;::: 


































16 


S .08 




61.81 



















RTI 


IMIM* 


•\m < 


fThi 




niAH 


\ 

f OIS-' OK POLABIS AT AKV TlKE . 




;*Tlini 


UnSt 




lllHl 


Error 


ebstryita'JOetJSKBoe' 




OKS' 




4k eF 


ifM'i 


it 


April Zl, HIS (ZMnm) C/tarSl^rrm' 










w.rfn 


<Ib4- 


J,»^ ZrUtitakf.fUnkH'-r-Z'i 
































/« 


a /( 










f « 


9 .n 


• W 


H( 




Ut fr«,M,y^l,wi ,t t'JS P-Jf; 








S4S 


■*f.? 




Hf/ittitatMarit, dk/rtsimf fr/tf 




3 le 


??s 


ff,F 


4i' 


H-t 




* " 


9lt 


3}} 


MM 


U2 


.4 


plaetifatr/shfaBfltm rslfnr trnf 


c.(^t™it*^'"^ 


- j-a 


Itt nri/csIAairsn fftr, «*,/ 


£af/fadt ■te'ef L«ffifudrn'js'w- 


tint; M/>retitif f*tfv/rsapr 


AIniKm'-Tfmt lfCJMtrA,^Si 'WZI'SIS 


„ mnil mtrktit Jiat tn ttrgtf r/lfh 




PDl.ri. H Ttn. 
dF OlwrvfttM 


tHnd^tvApr-n.-J-M'S - - 1*. 


Aff-^^ISIS(ZHn^ 


JTm. l/-C-MtrSs.A^^:; , nlii! 






HmrMglt ,rM=r/3 -Mm St/mt THw 


iajVefZ-AliniBMI 




ftr/Hetfan^ 






:^ 






AiH-oninicmJ TSr, (iteBlMma Sitar) 




^ir. 


il rKMintd fritn IZ tilxk ffnut at 




Jilt C/rflP*y tflt/lt fmt a*tat 







PROBLEMS. 125 

curate. The time used in making observations should be 
correct to the nearest minute, if accuracy is desired. 

Table III was compiled from " Ephemeria for the Sun and 
Polaris and Tables of Azimuth of Polaris for the j^ar 
1915," published by the Department of Interior, General 
Land Office. Tables T, II and IV were compiled from " Prin- 
cipal Facts of the Earth's Mag-netism," published by the U. 
S. Coast and Geodetic Survey, 1914. 

The observations should be made as near elongation as 
possible, for the reason that Polaris is moving most rapidly . 
in azimuth near culmination and errors in observing the 
time and using the table are then a maximum. 

With careful work the range of 8 reduced observations 
should in no case exceed 1' of arc. Record the data and 
make the calculations as in the form. 
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(a) Equipment. — Complete transit with solar attachment, 
reading glass, solar ephemeris, axe, hubs, tacks. 

(b) i'ro Mem.— Determine a true meridian with a solar 
transit. 

(c) Methods. — (There are various forms of solar attach- 
ments, to transits, among which are the Saegmuller, (a), 
and the Buff and Berger, (b). Fig. 23a; the former is the 
best known. The theory of all solar attochments in gen- 
eral use is the same, and is as follows: In order to bring 
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the imag« of the sun Into the center of the solar telescope 
when the line of collimation of the solar telescope makes an 
an^le with the line of cotlimation of the main telescope 
equal to the sun's declination corrected for refraction, and 
the line of collimation of the main telescope is elevated at 
an angle equal to the co-latitude of the place of observa- 
tion, it is rigidly necessary that the line of collimation of 
the main telescope lie in a true meridian aa shown in (b). 
Fig. 23a. 

The elementary lines of a solar attachment are; (1) The 
polar axis; (2) the line of collimation of the solar tele- 
scope ; (3) the attached level line. These lines should have 




Tig. 23b. 

the following relations: (1) The polar axis should be per- 
pendicular to the line of collimation of the solar telescope 
and the horizontal axis of the main telescope; (2) the tine 
of collimation of the solar telescope and the attached level 
line should be parallel. The methods of making these ad' 
justments are obvious. 

The declination of the sun (see Fig. 23b for explanation 
of astronomical terms) for the place of observation is 
found by adding, algebraically, the hourly change multi- 
plied by the number of hours since Greenwich mean noon 
(6 A. M., 90th Meridian) to the declination of the sun, aa 
given in the solar ephemeris for Greenwich mean noon for 
the given date. The isetting (apparent declination) is found 
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hy taking the algebraic sum of the refraction correction and 
the declination of the sun obtained aa ahove. The refrac- 
tion is always plus ; the declination is plus when the sun 
Is north and minus when south of the celestial equator ; 
and the hourly change in declination is plus when the sun 
Is moving north and minus when moving south. 

The " Pocket Solar Ephemeris and Refraction Tables for 
Use with Saegmuller's Solar Attachment," is given in 
" Handbook for Engineers " by George N. Saegmuller, pub- 
lished by Bausch & Lomb Optical Co., Rochester, N. Y. An 
" Ephemeris of the Sun and Polaris, and Tables of Azimuths 
of Polaris " is published by the General Land Office for each 
year. This Ephemeris may be obtained by addressing the 
Department of Interior, General Land Office, Washington, 
D. C, or may be purchased at a price of 5 cents per copy 
from the Government Printing Office, Washington, D. C. 
The true local mean solar time should always be used, and 
may be obtained from standard or railroad time by adding 
or subtracting four minutes for each degree that the place 
of observation is east or west of the standard meridian. 
The mean refraction of the sua for different altitudes ia 
given In Table V.) 

TABLE V. 

Mean Repeaction ov the Sun, 

Baboueteb 30 Inches, Tbupebature 50° Fah>, 

(Refraction makes observed altitude too large.) 
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(1) Calculate the apparent declination (setting) of the 
sun for several different times, varying by 15 minutes, be- 
tween 8 and 10 o'clock A. M. and 2 and 4 o'clock P, M. (2) 
Set the transit over the hub, level up very carefully with 
the attached bubble, and very carefully adjust the noain 
transit and solar attachment. Determine the index error 
of the vertical circle, and either correct it or apply it to all 
vertical angles with its proper sign. (3) Level the transit 
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very carefully with the attached bubble. Bring the line of 
eollimation of the main telescope and the line of collima- 
tion of the solar telescope paralli^l hy sighting- on a distant 
point, and point the main telescope south. (4) Set off the 
apparent declination (setting) with opposi!« sign on the 
vertical circle, i. e., dip the telescope when the declination Is 
plus (north), and elevate the telescope when the declina- 
tion is minus (south). (S) Level the solar telescope by 
means of its attached bubble. (6) Set off a plus vertical 
angle on the vertical circle equal to the co-latitude of the 
place. (7) Set the A vernier at zero and sight at a point on 
the true meridian. (B) Unclamp the upper motion, turn 
the main telescope about its upper motion and the solar 
telescope about its polar axis until the image of the sun is 
brought to the center of the cross lines in the solar tele- 
scope at the time for which the declination was computed, 
and clamp the upper motion. The line of collimation of the 
main telescope will then be in the meridian. (9) Head the. 
horizontal plates. The reading will he the a/imuth of the 
line first sighted on. (10) Repeat, using the setting corre- 
sponding to the time of observation, until ten values are ob- 
tained. If possible make five determinations in the A, M., 
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and five in the P. M., about the same time from noon. The 
mean of these observations will eliminate instrumental 
errors. The most favorable time for making- observations 
with a solar transit is from 8 to 10 A. M, and from 2 to 4 P, 
M. (11) Determine the true azimutL of the given line. The 
error of the determination of the meridian should not ex- 
ceed one minute. Record as in the form. 
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(a) EgMfpment.— Complete transit, reading glass, hub, 
axe, colored eyepiece or colored shade to fit over objective, 
good watch set to l^eep standard time, solar ephemerls. 
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(b) Problem. — Determine a true meridian by a direct ob- 
servation on tbe sun with a transit. 

(c) Jfftftods.— (1) Set the transit over a hub and level up 
very carefully with the attached bubble. (2) Test the ad- 
juatmenta of the transit very carefully, and determine the 
index error of the vertical circle. (3) Sight on a horizontal 
mark and read the horizontal plates. (4) Sight at the sun 
directly, by the aid of the colored eyepiece or colored glass 
shade, and bring his image tangent to tbe horizontal and 
vertical wires. (S) Read vertical circle and horizontal 
plates. (6) Reverse the telescope and malce a second oti- 
servation the same as the first except that the sun should 
be in the opposite quarter of the field of view. (7) The 
mean of the vertical and horizontal circle readings will 
give the apparent altitude and plate reading of the aun's 
center. (8) Observe the standard time of the observation 
and reduce to mean solar time by adding or subtracting 4 
minutes for each degree that the place of observation is 
i?.ist or west of the standard meridian. (9) Calculate the 
angle PZS in the P Z S triangle as shown in the accom- 
panying form. Refraction makes the sun appear too high 
and it should therefore be aubtract«d. (10) Determine the 
azimuth of the line from tbe hub to the mark and check 
the observed azimuth, (The data for this problem may be 
obtained from Saegmuller's " Solar Ephemeris and Refrac- 
tion Tables," or from the " Ephemeris of the Sun and 
Polaris, and Tables of Azimuths of Polaris," by the General 
Land Office, mentioned in Problem D16. Mean refraction 
of the sun for different altitudes is given in Table V.) (11) 
Where considerable accuracy is desired, make a second ob- 
servation when tbe sun is about the same distance on the 
opposite side of the meridian. The error of the determin»- 
tion should not exceed 1 minute. 



PROBLEM D18. COMPAEISON OP TRANSIT TELESCOPES. 

(a) Equipment. — Five engineers' transits. 

(b) Problem. — Make a critical comparison of the tele- 
scopes of five engineers' transits. 

(c) Jfciftods.— Follow the methods outlined in the com- 
parison of level telescopes. 



" .....Google 
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PROBLEM D19, TEST OF A TRANSIT. 

(a) Equipment. — Transit, reading glasa, leveling rod, 
chainiiig pins, foot rule. 

(b) ProMem. — Test the following adjustments of an as- 
signed transit: (1) Teat the graduation for eccentricity. 
(2) Test the plate levels to see if they are perpendicular to 

'the vertical axis. (3) Test the line of collimation to see if 
it is perpendicular to the horizontal axis. (4) Test the 
horizontal axis to see if it is perpendicular to the vertical 
axis. (5) Test the level under the telescope to see if the 
tangent to the tube at the center is parallel to the line of 
collimation. (6) Test the vertical circle to see if the 
vernier reads zero when the line of sight is horizontal. 

(c) Methods. — Make the tests as described in the first 
part of this chapter but do not make any of the adjust- 
ments or tamper with any of the parts of the instrument- 
Check each test. Make a careful record of the methods and 
errors, including a statement of the manner of doing cor- 
rect work with each adjustment out. 

PROBLEM D30. ADJUSTMENT OF A TRANSIT. 

(a) Eguipment. — Transit, reading glass, leveling rod, 
chaining pins, adjusting pin, small screw driver, 

(c) Methods. — Make the following tests and adjustments 
of an assigned transit that has been thrown out of adjust- 
ment by the instructor : (!) Test the graduation for eccen- 
tricity. (2) Adjust the plate levels perpendicular to the 
vertical axis. (3) Adjust the line of collimation perpendicu- 
lar to the horizontal axis. (4) Adjust the horizontal axis 
perpendicular to the vertical axis, (5) Adjust the level 
under the telescope parallel to the line of collimation. (6) 
Adjust the zero of the vertical circle to read zero when the 
line of sight is horizontal. (7) Center the eyepiece. 

(c) Methods. — Make the tests and adjustments as de- ' 
scribed in the first part of this chapter. Use extreme care 
in manipulating the screws and if any of the parts stick 
or work harshly, call the instructor's attention before pro- 
ceeding. Repeat the tests and adjustments. Make a care- 
ful record of methods and errors. 

PROBLEM D21. SKETCHING A TRANSIT. 

(a) Eguipment. — Engineers' transit, 

(b) ProJtlem. — Make a first-class sketch of an engineers' 
transit. 

(c) Methois. — (See similar problem with the level.) 
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(a) Equipment. -^Transit, iron &ag pole, flat stake I'x 
2"x IS", *oot rule. 

(b) Problem. — Determine the probable error of setting a 
flag pole with the transit at a distance of 300 feet. Repeat 
for 600 feet. 
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(c) Methods. — (1) Set the transit up and sight at the flag 
pole plumbed near the middle of the stake at a distance of 
about 300 feet. (2) Measure the distance from the point of 
the flag pole to a mark on the stake. (3) Keep the vertical 
axis clamped, and move the pole to one side. (4) Set the 
pole 'with the transit, and measure the distance from the 
first line. (5) Repeat until at least ten consecutive satis- 
factory results are obtained. (6) Compute the probable 
error of a single observation and of the mean of all the 
observations (see chapter on errors of surveying), and re- 
duce the mean error to its angular value. (7) Repeat 
for 600 feet. Determine distances by pacing. Follow the 



(a) Equipment. — Department equipment, catalogs of the 
princrpal makers of engineers' transits. 

(b) Probletn. — Make a critical comparison of the several 
types of transits made by the different makers. 

(c) Methods. — (Ses similar problem with the level.) 
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CHAPTEB VI. 
TOFOOBAPHIO SUBVETIira. 



Topog^phlc Hap. — A topographic map is one which 
shows with practical accuracy all the drainage, culture, and 
relief features that the scale of the map will permit. These 

features may be grouped under three beads as follows; 
(1) the culture, or features constructed by man, as cities, 
villages, roads; (3) the hypsography, or relief of surface 
forms, as bills, valleys, plains; (3) the hydrography, or 
water features, as ponds, streams, lakes. The culture is 
usually represented by conventional symbols. The surface 
forms are shown by contours (lines of equal height), (a). 
Fig. 24, or hachures. (b). Fig, 24. The water features are 
shown by soundings, conventional signs for bars, etc. 



Fig. 24. 

Topographic maps may be divided into two classes de- 
pending upon the scale of the map. Small scale topographic 
maps are made by the U. S. Coast and Geodetic Survey and 
the U. S, Geological Survey, and are drawn to a scale of 
1 : 63,S00, 1 : 135,000 or 1 : 350,000 with correspond iiifj contour 
intervals of 5 to 50, 10 to 100. and 300 to 350 feet. These 
maps show the streams, highways, railroads, canals, etc., in 
137 
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outline but do not show any features of a temporary char- 
acter. For topographic symbols, see Chapter XL 

Large scale topographic maps are drawn to a scale of 400 
feet to 1 inch ( 1 . 4800) , or greater, with contour intervals 
from 1 to 10 feet depending upon whether the ground is flat 
or hilly lioads, streets, dwellings, streams, eti:., are drawn 
to scale. Features too small to be properly represented 
when drawn to scale are drawn out of proportion to the 
. scale of the map. 

Topographic Survey. — The object of a topographic sur- 
Tey is the production of a topographic map, and hence 
neither time nor money should he wastefully expended in 
obtaining field data more rejined than the needs of th^ map- 
ping demand. A topographic survey may be divided into 
three parts: (1) the reconnaissance; (2) the skeleton of 
the survey; (3) filling in the details. 

BeconttaiB»ance. — The reconnaissance is a rapid prelim- 
inary survey to determine the best methods to use in mak- 
ing the survey and the location of the principal points of 
control. A careful reconnaissance enables the topographer 
to choose methods that are certain to result in a better map 
and a distinct saving of time. 

Skeleton. — There are three general methods of locating 
the skeleton of a top<^raphic survey; (1) tie line survey 
with chain only , <3) traverse method with transit or com- 
pass; (3) triangulation system, (f). Fig. 30. The first 
method is used for the survey of small tracts. The second 
method, in which the distances are measured with the 
chain, tape, or stadia, is used on railroad and similar sur- 
veys. The third method, in which triangulatlon stations 
are connected with each other and with a carefully meas- 
ured base line and base of verification, is used on surveys 
for small scale maps and on detailed or special surveys, 
such as surveys of cities and reservoir sites. 

Filling in Details. — There are three general methods em- 
ployed tor filling in the details '. ( I ) with transit or compass 
and chain; (2) with transit and stadia; (3) with plane 
table and stadia. The transit and stadia are used by the 
Mississippi and Missouri River Commissions. The plane 
table and stadia are used by the U. S. Coast -and Geodetic 
and the U. S. Geological Surveys. 

Topographic City Survey. — A topographic city survey ia 
one of the best examples of a survey for a large scale map. 
It is usually based on a Ky.";tem of triangulatlon executed 
with precision and connected with carefully measured base 
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lines. The details of the survey are usually talcen up in the 
following order: (1) reconnaissance and location of trian- 
gulation stations; (3) measurement of base line and base of 
verification; (3) measurement of angles by repetition; (4) 
establishment of bench marks by running duplicate levels; 
(5) adjustment of angles of triangulation system ; (6) com- 
putation of sides, azimuths and coordinates; (7) filling in 
details, usually -with transit and stadia; (8) plotting of 
triangulation and other Important points on the map by 
rectangular coordinates; (9) plotting the details and com- 
pleting the map. The instructions given on the succeeding 
pages are for a survey of this type. 

Hydrographlc Survey. — Hydrographic surveying is di- 
vided into river and marine. The first includes the location 
of bars and obstructions to navigation, and the determina- 
tion of the areas of crosa-section, the amount of sediment 
carried, etc. The second includes the making of soundings, 
location of bars, ledges, buoys, etc The depth of the water 
is determined by making soundings with a lead or rod. 
and the velocity is gaged by means of floats or a current 
meter, (d), Fig. 31. 

Soundings are located: (1) by two angles read simulta- 
neously from both ends of a line on the shore, (f). Pig. 31; 
(2) by keeping the boat In line with two flags on shore, and 
determining the position on the line by means of an angle 
read on the shore, or by a time interval ; (3) by intersecting 
ranges, (g), Fig. 31; (4) by stretching a rope or wire across 
the stream; (5) by measuring with a sextant in the boat 
at the instant that the sounding is taken two angles to three 
known paints on the shore, (c). Fig. 31 ; the point is located 
by solving the three point problem graphically with the 
three arm protractor, (e). Fig. 31; (6) by locating the posi- 
tion of the boat at the instant that the soundings are taken 
with transit and stadia. The first three methods are used 
on small river or lake surveys. The fourth method is used 
where soundings are taken at frequent intervals. The fifth 
method has heed used almost exclusively in locating sound- 
ings in harl»)rs, lakes, and large rivers. The sixth method 
ia rapidly coming into general use and promises to be the 
favorite metivod. 

THE STADIA. 

Description. — The stadia is a device for measuring dis- 
tances by reading an intercept on a graduated rod. The 
stadia-hairs, shown In <g). Fig. 27, are carried on the same 
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reticule as the cross-hairs and are placed equidistant from 
the horizontal hair. The stadia-hairs are sometimes placed 
on a separate reticule and made adjustable. It is, bow- 
ever, considered better practice by most engineers to have 
the stadia-hairs fixed and use an interval factor, rather 
than try to space the hairs to suit a rod or to graduate 
a rod to suit an interval factor. 

Stadia Rods. — Stadia rods are always of the self reading 
type. In Fig. 27, (a) and (b) are the kind used on the U. 
S. Coast Survey; (c) on the U. S. Lake Survey; (d) and 
(c) by the U. S. Engineers. A target for marking on the 
rod the height of the horizontal axis of the transit above 
the station occupied is shown in (f), Fig. 27. 

Theory of the Stadia. — In Fig. 2S, by the principles of 
optics, rays of light passing from points A and B on the 
rod through the objective so as to emerge parallel and pasa 
through t^e stadia-hairs a and &, respectively, must inter- 




sect at the principal focal point d in front of the objective ; 
therefore the rod intercept, « is proportional to the dis- 
tance, g from the principal focal point In front of the ob- 
jective. 

Stadia Formula For Horizontal Line of Sight and Ver- 
tical Bod. — In Fig. 25, from similar triangles we have 



: i : 



(1) 
(2) 



D^k.s+(c + f) 



■p) 



:\aogW 



THE STADIA. 
BD=AE. t-osa 



H = D. cos a. 

= k. B. cos! a 4. (c 4- f ) cos a 
:=:k. s — k. s. sin* a+ (c + f) r 

V = D. sin a 
= k.8.sina.cosa + (c + f) sh 
= ^k.3.sin3a+(c+f)ama 



(3) 
(10) 




TTm of the Stadia. — The transit is set up over a station 
of known elevation and with a given direction or azimuth 
to another visible station ; the height of the line of collima- 
tion above the top of the station is determined either by 
holding the rod beside the instrument and setting the 
target, or preferably by graduating one leg o( the tripod 
and using the plumb bob; then with the transit oriented on 
a given line. " shots " are taken to representative points, 
and record made of the rod intercept, vertical angle and azi- 
muth. In reading the intercept the middle hair is first set 
roughly on the target, then one stadia-hair is set at the 
nearest foot-mark on the rod and the intercept read with 
the other stadia-hair, after which the precise vertical angle 
is taken, and the azimuth is read. 
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Bedncing the Notea. — The notes may be reduced by 
means of tables, diagrams, or a special slide rule. The 
slide rule is the moat rapid. There are several forms of 
stadia slide rule that are very accurate and are convenient 
for field use. 
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THE PLANE TABLE. 

Sescription. — The plane table consists of an alidade, car- 
rying a line of sight and a ruler with a fiducial edge. The 
alidade is free to move on a drawing board moimted on a 
tripod. The drawing board is leveled by means of plate 
levels. The line of sight should make a fixed horizontal 
angle with the fiducial edge of the ruler. The complete 
plane table is a transit in which the horizontal limb has 
been replaced by a drawing board. 

There are three general types of plane tables: (1) the 
Coast Snrvey plane table, (a), Fig, 28; (2) the Johnson 
plane table, (b), Fig. 38; <3) the Gannet plane table, (d). 
Fig. S9. 

Use of the Plane Table. — In making a survey with the 
plane table the angles are measured graphically and the 
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linea and points are platted in the field. The principal 

methods of making a survey with a plane table are: (1) 

radiation; (3) traversing: (3) intersection; (4) resection. 

Radiation.— In this method a convenient point on the 



Complete Plane Tables. 

Fig. 28. 

paper Is set over a selected point in the field, and the table 
clamped. The line of sight is then directed towards each 
point to be located In turn and a line is drawn along the 
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fiducial edge of the ruler. The distances, whtch may be de- 
termined by measuringf with chain, tape or stadia, are 
plotted to a convenient scale, (a), Fi^. 30. 

Traversing.— This method is practically the same as 
traversing with a transit, (b), Fig. 30. Care should be used 
in orienting the plane table to get the point on the paper 
over the corresponding point on the ground as nearly as 
the character of the work requires. 
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Intersection, — In this method the points are located by 
intersecting lines drawn from the ends of a measured base 
line, (c). Fig. 30. 

Resection. — In the resection method the plane table is set , 
tip at a random point and oriented with respect to either 
three or two given points, -which gives rise to two methods 
known respectively as the three-point and two-point prob- 

Three Point Problem. — -Where three points are located on 
the nap and are visible but inaccessible, the plane table is 
oriented by solving the "three point problem." There are 
several solutions, the best known of which are: (1) the 
mechanical solution; (2) the Coast Survey solution; (3) 
Beasel's solution; (4) algebraic solution. The problem is 
indeterminate if a circle can be passed through the four 
points. 

In the mechanical solution the two angles subtended by 
the three points are plotted graphically on a piece oftrac- 
ing paper, and the point is located by placing the tracing 
paper over the plotted points. 

In Bessell's solution, (d). Fig. 30, a, &, C are three points 
on the map corresponding to the three points, A, B, C on 
the ground, and D is the random point at the instrument 
whose location, d, it is desired to find on the map. Con- 
struct the angle 1 with vertex at point c as follows ; Sight 
along the line ca at the point A, and clamp the vertical axis. 
Then center the alidade on c and sight at B by moving the 
alidade, and draw a line along the edge of the ruler. Con- 
struct the angle 3 with Tertex at a in the same manner. The 
line joining ft and e will pass through the point d required. 
Orient the board by sighting at B with the line of sight 
along the line e 6, and locate d by resection. 

Two Point ProJilem. — To orient the board when only two 
points' are plotted, proceed as follows : Select a fourth 
point, a that is visible, and with these two points as the 
ends of a base line, (e). Fig, 30, laid off to a convenient 
scale, locate two points a' and b' on the map by intersec- 
tion. The error of orienting the board will be the angle 
between the lines a-b and »'-&'. The table can now be 
oriented and the desired point located on the board by re- 
section. 

AdJnBtmenta.—'The adjustments of the plane table are : 
(1) the plate levels; (3) thp line of collimation; (3) the 
horizontal axis ; (4) the attached level. These adjustments 
are practically the same as those for the transit. 
11 



TOPOGRAPHIC SUEVEYING. 



THE SEXTANT. 



Description. — The sextant consists of an arc of 60°, 
with each half degree numbered as a whole degree, (a). 
Fig'. 31, combined with mirrors so arran^d that angles can 

be measured to 130°. 
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Theory. — The principle upon which the sextant Is con- 
structed is that if a ray of light is refiected Bucceaslvely be- 
tween two plane mirrors, the angle between the first and 
last direction of the ray is twice the angle of the mirrors. 

In (b), Fig. 31, the ang-lea of incidence and reflection 

I ^ r and i' isr", and 
E = (i + r) - (>' + r') =2(r- T') 
C = (90- - i') - (90° - r) = (r - r-) 

and therefore E = 2 C 

but C = angle CIC, by geometry, since the 

mirrors are parallel for a zero reading. 

TTm of the Sextant.— To measure an angle between two 
objects with a sextant, bring its plane into the plane of 
the two objects; sight at the fainter object with the tele- 
scope and bring the two Images into coincidence. The 
reading is the angle sought. The angle will not be the true 
horizontal angle between the objects unless the objects are 
in the same level with the observer. Since the true vertex 
of the measured angle shifts for dilferent angles, the sex- 
tant should not be used for measuring small angles be- 
tween objects near at hand. 

Adjustments, Index Qlagg. — To make the index glass, I, 
perpendicular to the plane of the limb, bring the vernier to 
about the middle of the arc and examine the arc and its 
Image in the index glass. If the glass is perpendicular to 
the plane of, the limb, the image of the reflected and direct 
portions will form a continuous curve. Adjust the glass by 
means of the screws at the base. 

Horizon aiasg.—T!o make the horizon glass, H, parallel 
to the index glass, 7, for a zero reading. With the vernier 
set to read zero, sight at a star and note if the two images 
are In exact coincidence. If not, adjust the horizon glass 
until they are. If the horizon glass cannot be adjusted, 
bring the images into coincidence by moving the arm and 
read the vernier. This reading is the index error which 
must be applied with its proper sign to all the angles 
measured. 

Line of CollimaUon. — To mahe the line of coUImation 
parallel to the limb. Place the sextant on a plane surface 



148 TOPOGRAPHIC SUEVEYING. 

and sigbt at a paint about 20 feet away. Place two objects 
of equal heig-ht oa the extreme ends of the limb, and note 
whether both lines of sight are parallel. If not, adjust the 
telescope bj means of the screws in the ringf that carries it. 

PROBLEMS IN TOPOGRAPHIC SURVEYING. 
PROBLEM El. DETERMINATION OF STADIA CON- 
STANTS OF TRANSIT WITH FIXED STADIA-HAIRS. 

(a) Equipment. — Complete transit, stadia rod, steel tape, 
set chaining pins, font rule. 

(b) Pro6 (em.— Determine the stadia constants c, f and fc 
for an assigned transit. 

(c) Methods. — (1) Set lap the transit and set ten chaining 
pins in line about 100 feet apart on level ground. (3) 
Plumb the stadia rod by the side of the first pin. (3) Set the 
lower hair on an even foot or half foot mark keeping the 
telescope nearly level, and read the upper stadia-hair. (4) 
Record the intercept. (5) Read the intercept on the rod at 
the remaining pins. (6) Measure the distance from the 
center of the transit to each pin with the steel tape. (7) 
Focus the^objective on a distant object, measure / (the dis- 
tance from the plane of the cross-hairs to the center of the 
objective), and e (the distance from the center of the ob- 
jective to the center of the instrument). (8) Calculate the 
value of the stadia ratio, k, for each distance by substitut- 
ing in the fundamental stadia formula. (Q) Take the arith- 
nietieal mean of the ten determinations as the true value. 
(10) Compute the probable error of a single observation 
and of the mean of all the observations. The interval factor 
should be determined by the instrument man under the con- 
ditions of actual work. The determination should be 
checked at frequent intervals during the progress of the 
field work. Follow the prescribed form, 

PROBLEM Ea. STADIA REDUCTION TABLE. 

(a) Eguipmettt. — (No instrumental equipment required.) 

(b) Problem. — Compute a stadia reduction' table giving 
the horizontal distances from a point in front of the objec- 
tive equal to the principal focal distance for the stadia in- 
tervals from O.OI feet to 10 feet, for the transit used in 
Problem El. 
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— (1) Prepare form tor calculation. (3) 
Compute the horizontal distances by substituting the dif- 
ferent values of s in the stadia formula. Compute D' for 
values of 8 varying from O.Ol foot to 0.1 foot varying by 
0.01 foot; from 0.1 foot to 1 foot varying- by 0.1 foot; and 
from 1 foot to 10 feet varying by 1 foot. 



Stadia Rbduction Tabli 1 
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(To use the table, take the snm of the values of D' cor- 
responding to the units, tenths and hundredths of « as given 
in the table. To the value of D' thus obtained add C plus /.) 



(a) Equipment. — Complete transit, stadia rod, steel 
pocket tape. 

(b) Pro 6 (em .^Make a traverse of the perimeter of an 
assigned field with a transit and stadia. 

(e) Mefhods.— (1) Set the transit over one corner of the 
field and set the A vernier to read the back azim\ith of the 
preceding course. (3) Sight at a stadia rod held edgewise on 
the last station to the left with the telescope normal, and 
clamp the lower motion. (3) Read the intercept on the rod 
to the nearest 0.01 foot. (4) Sight at the target set at height 
of iirst station and read the vertical angle to the nearest 
minute. • (The observer should measure the height of the 
horizontal axis above the station with the steel pocket tape, 
or one tripod leg may lie graduated and the instrument 
height determined by swinging the plumb bob out against 
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the leg.) (5) Unclamp the upper motion, sight at the neit 
station to the right and clamp the upper motion. (6) ReaA 
tbeA vernier, (this will be the azimuth of the course). (7) 
Bead the intercept on the rod. (8) Measure the vertical 
angle by sighting at the target set at the height of the hori- 
zontal axis as hSfore. (9) Set the transit over the nest 
station to the right and determine the intercepts and ver- 
tical angles as at the first station. (10) Determine the 
stadia intercepts and vertical angles at the remaining sta- 
tions, passing around the field to the right. (11) Eeduce 
the intercepts to horizontal distances before recording, 
(12) Compute the vertical differences in elevation using 
mean distances and vertical angles. (13) Compute latitudes 
and departures to the nearest foot using a traverse diagram 
or traverse table. Follow form B4, (14) Compute the per- 
missible error of closure of the traverse by means of Baker's 
formula (see Chapter IX "Errora of Surveying"); using 
" a " equals one minute times square root of number of 
sides, and " b " equal 1 : 500. If consistent, distribute the 
errors in proportion to the several latitudes and departures, 
respectively, (15) Compute the area by means of latitudes 
and departures, and reduce to acres. 



(a) Egutpment. — Plane table, stadia rod, 2 flag poles, 
engineers' divided scale, drawing paper, fiH pencil, 

(b) FroJtlem. — Make a survey of an assigned field hy 
radiation with the plane table. 

(c) Methods.— (1) Set the plane table up at some conven- 
ient point in the field and select a point on the drawing 
board that will allow the entire field to be plotted on the 
paper. (S) Sight at one of the stations with the ruler cen- 
tered on the point on the paper. (3) Draw a line along the 
fiducial edge of the ruler towards the point. (4) Measure 
the distance to the point with the stadia. (5) Lay ofT the 
distance on the paper to the prescril>ed scale. (6) Locate 
the remaining points in the same manner. (T) Complete 
the map in pencil. The map should have a neat title, scale, 
meridian, etc. (8) Trace *the map on tracing linen. (9) 
Compute the area by the perpendicular method, scaling the 
dimensions from the map. 
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(a) Equipment.— Plane table, stadia rod, 2 Aug poles, 
engineers' divided scale, drawing paper, 6H pencil. 

(b) Pro 6 lem.— Make a survey of an assigned field by tra- 
versing with the plane table. 

(c) Methods. — Follow the same general methods as those 
given for traversing with the transit. Adjust the plane 
table before beginning the problem. Complete the map and 
compute the area aa in Problem E4. 



(a) Egutpment. — Plane table, 2 flag poles, engineers' di- 
vided scale, drawing paper, 63. pencil. 

(b) Profiiem.— Make a survey of an assigned field with 
the plane table by intersection. 

(c) Methods. — (1) Select and measure a base line having 
both ends visible from all the stations in the field. (2) Set 
the plane table over one end of the base line, sight at the 
other end of the base line and at each one of the stations 
of the field, (3) Se^ the plane table over the other end of 
the base line, orient the instrument by sighting at the 
station first occupied and sight at all the stations in the 
field. (4) Complete map and compute area as in E4. 

PROBLEM E7. 

(a) Equipment. — Plane table, 2 flag poles, engineers* di- 
vided scale, 6H pencil. 

(b) Problem. — Having three points plotted on the map, 
required to locate a fourth point on the map by solving 
the " three point problem " with the plane table, 

(c) Methods. — (1) Use Bessell's solution, (2) Check by 
using the mechanical solution. 

PROBLEM E8. ANGLES OF TRIANGLES WITH SEXTANT. 

(a) Equipment. — Sestsnt, 2 flag poles. 

(b) Problem. — Measure the angles of an assigned tri- 
angle with the sextant. 

■ (c) Methods. — (To determine inde:x error, sight at a dis- 
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taut object and bring the direct and reflected Images into 
coincidence. The reading of the vernier will give the index 
error, which, with proper sign, must be applied to all angles 
measured.) (1) Set the flag poles behind the monuments 
at two of the vertices of the triangle and stand on the 
monument at the third. (2) Hold the plane of the sextant 
horizontal, sigEt at one flag pole directly with the tele- 
scope and bring the image of the other flag pole into coin- 
cidence by moving the arm. (3) Itead the vernier, and cor- 
rect the ang-le for index error. (4) Itepeat the measure- 
ment with the sextant inverted. Take the mean of the two 
readings, which should not differ more than 2', as the true 
value of the angle. (S) Measure the other angles in the 
same manner. The error of closure shculd not exceed 3'. 
Record the data in the form. 



PROBLEM E9. 



(a) E(/uipment.^Steel tape, spring balance. 3 thermom- 
eters, steel rule, 2 stout stakes, axe, 2 pieces sheet zinc 2 by 
2 inches. 
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(b) Prohlem. — Determine the coefficienta of expansion, 

stretch, and sa,g of an assi^ed tape. Make three deter- 
minations of each, and take the arithmetical mean as the 
true value. 

(Stavdard Tapes.— In laying ofE a standard or measuring 
a base line where a high degree of precision is required It 
Is important that all measurements be referred to the same 
standard. The Bureau of Standards, Washington, D. C, 
will compare a tape with the government standard for a 
small fee. The tape tested is certified to be of a given 
length for a given temperature and pull. For example the 
standard tape marked " U. B. W. & M. 315 " used In laying 
off the ino-ft. standard In Problem AZZ, was certified to be 
99.9967 feet long at a temperature of 62° P. and a pull of 
13 pounds, when tested on a plane surface. The coefficient 
of expansion of thia tape was 0.0000061 per degree F. Tapes 
for measuring base lines with great precision have recently 
been made of Invar Steel.) 

(e) Jfc(fio<Is.— <1) Correction for Expansion. — Measure 
the length of the tape on a plane surface at two different 
temperatures but with a constant puU determined by a 
spring balance. Then substitute the lengths, I and L, and 
t«mperature9, t and T, in the formula 

l~-L = c{t — T)l 

where e is the coefficient of expansion. Repeat the test 
and obtain three values of the coefficient e. As large a 
range of temperatures as possible should be secured. Take 
the arithmetical mean of the three determinations as the 
true value. 

(3) Correction for S(re(e7(.— Measure the length of the 
tape on a plane surface with two diJFerent pulls but at a 
constant temperature. Determine the pull with a spring 
balance. Then substitute the lengths, I and L, and the pulla 
p and P, in the formula 

l-L = S(p-P)l 

where S is the coefficient of stretch. Repeat the test and 
obtain three values of the coefficient g. The pulls should 
range from 10 to 40 pounds. Take the arithmetical mean 
of the three determinations as the true value. 

(3) Correction for Sag. — Remove the handles from the 
tape and determine its weight very carefully. Divide thft 
weight by the length to obtain the weight per foot, tc. 
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Drive two Btout hubs a little less than 100 feet apart a,aA 
fasten a piece of sheet zinc with a, line ruled at right angles 
to the lloe on the top of each stake. With a pull of 10 
pounds, as determined by the spring balance, measure the 
distance between the stakes. Calculate the correction for 
sag by substituting the lengths, I and L, pull p, and weight 
per foot w, in the formula. 



l-L 



'i(r^r 



Bepeat the measurements using a pnll of SO and 30 pounds, 
respectively. Add the corrections for sag to each measure- 
ment and compare the results. The temperature should re- 
main constant during the tests. To remove the possibility 
of an error due to temperature, observe the temperature at 
the time of each observation and correct the observed 
length for e pansion before substituting in the formula. 

Iteport the methods, data, computations and results on a 
suitable form. 

PEOBLEM ElO. MEABUBEMENT OF BASE LINE. 

(a) Equipment. — Standard tape, transit or level, stakes 
(number and size to be specified by instructor), axe, spring 
balance, 2 thermometers, lath stakes, S-d nails, steel rule, 
pieces sheet zinc 3 by 3 inches. 

(b) Problem. — Measure an assigned base line with a stan- 
dard tape. 

(c) Methods. — (1) Set the transit aver one end of the base 
line, sight at the other end and determine the difference 
In elevation and grade. (2) Drive stout square stakes to 
grade, by " shooting " them in with the instrument in true 
line, a little lens than a full tape length apart. The top 
of the lowest stake should not be less than 6 inches above 
the ground. (3) Fasten a piece of sheet jiinc, with a ilne 
line ruled at right angles to the direction of the base line. 
on the top of each stake. (4) Drive lath stakes in line 
about 20 feet apart. (5) Drive an 8-d nail through each 
lath stake at grade to support the tape. (6) Measure from 
stake to stake, the men working as follows : No. 1 plumbs 
up from the rear monument or holds the zero on the mark 
on the rear stake ; No. 2 takes the spring tialance and puts 
a pull of 16 pounds on the tape ; No. 3 reads the tape and 
measures the fraction of a tenth with a steel rule to 0.001 
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feet; No. 4 reeords tbe reading' of the tape and reada the 
two thermometera placed at the quarter points of the tape, 
(7)* ObtaiD at least three determinations of the length of 
the baae Hue. (B) Correct each measurement of the base 
for standard, expansion, sag. streU^h, and slope (see prob- 
lem on coefficients of a tape). The three measuremente 
should not differ more than 1 ; lOO.OOO. Report methods, 
computations and results on a suitable form. 

PROBLEM EU. 

(a) Bgiiipmcnt.— SeTen-plaee table of logarithms. 

(b) Problem, — Adjust and calculate an S'SSigned triangu- 
lation system and plot the slceleton, 

(c) Methods. — Observe the following program: (1) pre- 
pare forms for calculations and transcribe data ; (2) adjust 
the ang-les of the triangTiIation system (see chapter on er- 
rors of surveying) ; (3) calculate the front and back azi- 
muths of each line ; (4) beginning* with the base line com- 
pute the sides, to the nearest 0.001 foot; (5) calculate the 
latitudes and departures to the nearest O.OOI foot (6) cal- 
culate the coordinates of the triangulation stations to the 
nearest O.OOI foot. In computing the coordinates of the 
stations tahe the mean of the values found by taking the 
different routes from the base line as the true value. (7) 
Plot the skeleton of the triangulation system to the pre- 
scribed scale by means of the coordinates of the points. 
Check by lengths of sides. Use a steel straight edge. 

PROBLEM E13. 8KETCH1NG TOPOGRAPHY. 

(a) Eguipment. — Small drawing board or plane table, 
plat of assigned field, 4H pencil. 

(b) Prohtem. — Sketch in the roads, walks, buildings and 
five-foot contours on the plat of the assigned field by eye 
having given the elevations of the ruling points. 

(c) Methoas. — (1) Transfer from the level notes to the 
plat the elevations of the ruling points of the field. (2) 
Locate the roads, buildings, etc., on the map as nearly as 
possible in their relative positions (the topographers' esti- 
mate of distance should be frequently checked by pacing). 
(3) Estimate the slopes and locate the contour points be- 
tween the points of known elevation. (4) Join these points 
by smooth curved lines. (5) Finish the map in pencil, put- 



ting on a neat title, the scale oi the map and a meridian. 
(G) Compare the finished map with a contour map fur- 
nished by the instructor. 



(a) Equipment. — Complete transit, 3 stadia rods, pocket 

(b) Proilem. — Locate the topographic details of an as- 
signed area with the transit and stadia. 
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(c) Methods.— (1) Set transit up over assigned trlangu- 
lation or other point. (3) Orient instrument, i. e., set 
plates to given azimuth and sight at given back sight. (3) 
Measure height of axis above station hub with tape or by 
graduations on tripod leg. and set target to correspond. 
(4) Take shot on given back sight and reduce results as a 
check before proceeding, (The program for each shot is: 
(a) set middle hair roughly on target, then set one stadia 
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hair on nearest foot-mark and read intercept; (b) set 
middle hair precisely on target and aignal rodmau " all' 
right"; (c) read vertical an^le ; (d) read azimuth.) (5) 
Take side shots to representative points, keeping: in mind 
the Bcale of the proposed map. Select points according to 
a systematic plan, followingf along ridges, gullies, etc. Con- 
tour points should be taken with reference to change of 



slope. (6) Reduce and plot the notes, and interpolate the 
contours, as in the accompanying diagram. (This topo- 
raphy sheet should be carefully preserved for use in Prob- 
lem E15.) (7) After completing the survey at the assigned 
station, move the instrument ahead to a new stadia station, 
taking both fore and back sights. (8) Lose no opportunity 
to take check sights at other triangulation stations, tra- 
verse points, etc. 
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PROBLEMS. 



(a) Equipment. — Complete plane table (preferably with 
prismatic eyepiece), 2 stadia rods, eng'ineers' divided scale, 
drawing paper, 6H pencil, pocket tape. 

(b) ProJtlem. — Locate the topographic details o( an as- 
signed area with the plane table and stadia. 

(c) Methods. — Follow the same methods as In Problem 
E13 except that the notes are to be plotted on the drawinfj 
paper in place of being recorded in the field tiook. Mark 
the points by number and write'the elevation of each point 
under the number in the form of a fraction. Locate the 
contour points by interpolation on the map and connect the 
points by smooth curves. Complete the map In pencil and 
make a tracing if required. 

PROBLEM E15. TOPOGRAPHIC SURVEY. 

(a) Equipment. — Complete transit, Z stadia roda, stakes, 
hubs, spring balance, pocket tape, stadia slide rule, seven- 
place logarithm table, (extra tripods, stadia reduction 
table, stadia reduction diagrams, etc., as required). 




(b) Problem. — Make a complete topographic survey of an 
assigned area and make a topographic map. 

(c) Methods. — (1) Make a reconnaissance and locate the 
triangulation stations. Care should be used to select the 
tri angulation stations so that the sights will be clear and 
the triangles well formed. A system composed of quad- 
rilaterals or more complicated figures will give more con- 
ditions and checks than a simple string of triangles. A 

.system composed of simple triangles is sufficient for this 
survey. (3) Mark the triangulation stations with gas pipe 
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monuments about 4 feet lODg. the exact point being marked 
by a hole drilled in a bolt screwed into a eap on the top of 
the gaa pipe. (3) Measure the base line and base of veri-. 
fication as described in Problem ElO. (4) Measure the 
angles by repetition as described in Problem D13. (S) Cal- 
culate the Bkeleton as described in Problem Ell. (6) E^ 
tablish permanent bench marks and determine their eleva- 
tions and the elevation of the stations of the triangulation 
system by running duplicate levels with the engineers' level, 
reading the rod to 001 foot. (7) Fill in the details with 
either the transit and stadia or the plane table and stadia, 
or both, as described in Problems El3 and E14. (S) Com- 
plete the map in pencil on manila paper, and after it has 
been approved by the instructor trace it on tracing linen. 
The title, meridian, scale, lettering and border should re- 
ceive careful attention. 
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KlndB of Siirv«ya Surveys of land are of two kinds : 

(a) original surveys ; (b) resurveys. 

Original Survers, — An original survey is made for the 
purpose of estabHshing- monuments, corners, lines, bound' 
aries, dividing land, etc. The survey of a townsite and the 
government survey of a section are examples of original 
surveys. 

BeBOTVeya A resurvey is made for the purpose of iden- 
tifying and locating corners, monuments, iines and bound- 
aries that have been previously established. The resurvey 
of a city block, or a survey to relocate a section comer are 
examples of re surveys. 

FonctioiiB of a Surveyor. — In an original survey it is 
the function of the surveyor to make a perfect survey, es- 
tablish permanent monuments and true markings, and 
make a eorrect record of his work in the fdrm of field 
notes and a plat. 

In a resurvey it is the function of the surveyor to find 
where the monuments, courses, lines and boundaries orig- 
inally were, and not where they ought to have been. Fail- 
ing in this it is his business to reestablish them as nearly 
as possible in the place they were originally placed. No 
reestablished monument, no matter how carefully relocated, 
will have the same weight as the original monument If the 
latter can be found. In making resurveys the surveyor has 
no official power to decide disputed points. He can act only 
as an expert witness. It the interested parties do not agree 
to accept bis decision the question must be settled in the 
courts. 

Also see Problem F6, " Eeaurvey of a City Block." 

Beaponslbllity of the Surveyor for the Correetnws of 
HlB Survey. — An engineer in the disciiarge of his profes- 
sional duties requiring an exercise of judgment can be held 
liable only for failure to exercise reasonable care and skill, 
or for negligence or fraud. A surveyor is liable not only 
161 
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for negligence or fraud but for want of skill, A surveyor 
agrees to not only do his work carefully, honestly, dili- 
(rently, but skillfully as well. The precision required in 
making any particular survey in order to satisfy the re- 
quirement for skill will depend upon the conditions ; greater 
accuracy being required for making a surrey of an ex- 
pensive city lot than for a survey of a farm. Surveying ia 
a trade and the precision required in any particular case 
to show proper skill is a matter to be decided by the court 
after evidence has been submitted. 

Ownership of Surveyors' Notes. — Survey notes, data, 
maps, plats and records obtained by a surveyor wliile in 
the employ of a city, state, railroad or other corporation, 
or of a consulting or independent engineer belong to the 
employer. A city engineer or a county surveyor has no 
ownership rights in the notes, data, maps, plats and records 
which he prepares or obtains, or are prepared or obtained 
by him or by his assistants, in the exercise of the duties of 
his office as city engineer or county surveyor. Survey notes, 
data, maps, plats and records obtained by a consulting or 
independent engineer in preparing a report or plans for a 
client, belong to the consulting or independent engineer. 
The client, whether it be an individual, city, state, or cor- 
poration, is entitled only to the finished report or plane, 
and is not entitled to the notes and data used in the prep- 
aration of the report or the plans. 

Bules for Besurreys. — The following rules may be 
safely observed in making resiirveya. 

(1) The description of boundaries in a deed are to be 
taken as most strongly against the grantor. 

(2) A deed is to be construed so as to make it effectual 
rather than void. 

(3) The certain parts of a description are to prevail over 
the uncertain. 

(4) A conveyance by metes and bounds will convey all 
the land included within. 

(5) Monuments determine boundaries and transfer all 
the land included. 

(6) When a survey and a map disagree the survey pre- 

(T) Marked lines and courses control courses and dis- 
tances. 

(8) The usual order of calls in a deed is; natural ob- 
jects, artificial objects, course, distance, quantity. 

(9) A long established fence line is better evidence of 
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actual boundarieB than any survey made after the monu- 
ments of the original survey have disappeared. 

(10) A reaurvey made after the monuments have disap- 
peared is to determine where the monuments were and not 
where they should have been, 

(11) All distances measured between known monuments 
are to be pro rata or proportional distances. 

If the above rules do not cover the case in question spe- 
cial court decisions on that particular point should be con- 
suited. 



Historical. — The United States rectangular system of 
subdividing lands was adopted by congress May 20, 17S5. 
The first public Jand surreys were made in the eastern part 
of the present state of Ohio under the direction of Capt. 
Thomas Hutchins," Geographer of the United States, and 
were known as the " Seven Itanges," The townships were 
six miles square, and were laid out in ranges extending 
northward from the Ohio river ; the townships were num- 
bered from south to north, the ranges from east to 'west. 
In these initial surveys only the exterior lines of the town- 
ships ivere run, but mile corners were established on the 
township lines, and sections one mile square were marked 
on the plat and numbered from 1 to 36, conlmencing with 
section 1 in the southeast corner and running from south 
to north in each tier to 3S in the northwest section. 

The act of congress approved May 18, 1796. provided for 
the appointment of a surveyor general and changed the law 
relating to the surveys of public lands. Under this law the 
townships were subdivided into sections by running paral- 
lel lines two miles apart each way and setting a comer at 
the end of each mile. This law also provided that the sec- 
tions be numbered beginning with section 1 in the north- 
east corner of the township, thence west and east alter- 
nately to 36 in the southeast corner. This is the method 
of numbering still In use, shown in Figs. 33 and 34. 

• The earliest published reference to the rectangular sys- 
tem of land surveys Is found in an appendix to " Bouquet's 
March," published in Philadelphia, 1764. Hutchins was en- 
gineer with this expedition to the forks of the Muskingum 
river, and wrote the appendix. (See reprint by HobK 
Clarke, Cincinnati.) 
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The act of congress approved May 10, 1800, required tbat 
townships be subdivided by running parallel lines through 
the same from east to west and from south to north at a 
distance of one mile from each other. Section corners and 
half section comers on the lines running from east to west 
were required to be set. The excess or deficiency was to be 
thrown into the north and west tiers of sections is the 
townships. 
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Base Line 
Fig. 32. 



The act of congress approved February 11, 1B05, required 
that interior section lines be run every mile; that corners 
be establiahed every half mile on both township and sec- 
tion lines; that discrepancies be thrown on the north and 
west sides of the township. This act of congress further 
provided "that all corners marked in the original surveys 
shall be established as the proper corners of sections, or 
subdivisions of sections; and that corners of half and 
quarter sections not marked shall be placed as nearly as 
possible 'equidistant' from those two corners which stand 
on the same line. The boundary tinea actually run and 
marked shall be established as the proper boundary lines 
of the sections or subdivisions for which they were intended ; 
and the length of such lines as returned by the surveyor 
shall be held and considered as the true length thereof, and 
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the boundary lines ■which shall not have been actually run 
and marked as aforesaid shall, be ascertained by running 
straight lines from the established corners to the opposite 
corresponding' eorners." Under this iaw, which ie still the 
established rule of procedure, each reported distance be- 
tween established monuments is an independent unit of 



The revised instructions Issued tu 18SS required that the 
sections be subdivided as shown in Fig. 33, The full lines 
representing " true " lines, are parallel to the east exterior 
line of the township, and the dotted lines, representing 
"random" lines, close on corners previously established. 
The order of the survey of the interior section lines is in- 
dicated by the small numerals. Double corners on the 
north and west township lines, which were common in the 
earlier surveys, were thus avoided In the revised practice. 

Laws luconBisteut. — It is obviously impossible to pre- 
serve a true rectangular system on a spherical surface, ow- 
ing to the conrergency of meridians.* To harmonize the 
methods of making surveys, the General l4ind Office has 
issued instructions for the survey of public lands from 
time to time. 

DETAILS OF SUBVEY. — The details of the survey are 
taken up in the following order: (1) selection of initial 
points; (S) establishment of the base line; (3) establish- 
ment of the principal meridian ; (4) running standard par- 
allels; (5) running the guide meridians; (6) running the 
township exteriors; (7) subdividing the township; (8) 
meandering lakes, rivers, streams, etc. See Figs. 32 and 33, 

Initial FointB. — Initial points from which to start the 
survey are established whenever necessary under special 
instructions prescribed by the Commissioner of the General 
Land Office. 

Base Line. — The base line is extended east and west 
from the initial point on a parallel of latitude. The proper 
township, section and quarter comers are established and 
meander corners at the intersection of the line with all 
meanderable streamy lakes, or bayous. Two seta of chain- 

* The angular convergency, a, of two meridians is m. sin L, 
where m is the angular difference of longitude of meridians 
and L is the mean latitude of the two positions. The linear 
convergency, c, for a length, (, is (. gin a. Latitude 40°, 
the difference between the north and south sides of a town- 
ship is 0,60 chains. 
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men are employed and the mean of the two measnrementB 

is taken as the true value. When the transit is used, the 
base line — which is a amall circle parallel to tlie equator — 
is run by making oSaets from a tangent or secant line, the 
direction of the line being frequently checked by an obser- 
vation of Polaris. 
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Fig. 33, 

Principal Keridlan. — The principal meridian is extended 
either north or south, or in both directions from the initial 
point on a true meridian. The same precautions are ob- 
served as in the measurement of the base line. ' 

Standard Parallels. — Standard parallels, which are also 
called correction lines, are extended east and west from the 
principal meridian, at intervals of 24 miles north and south 
of the base line. They are surveyed like the base line. 

Ouide Ueridiana. — Guide meridians are extended north 
from the base tine, and standard parallels, at intervals of 
S4 mites east and west from the principal meridian, in the 
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manner prescribed for running the principal meridian. 
When existing conditions require that guide meridians shall 
be run south from the base or correction lines, they are 
initiated at properly established closing comers on such 

Township Exteriors. — The township exteriors In a tract 

34 miles square, bounded by standard lines, are surveyed 

' successively throug-h the block, beginning with the south- 



Fig. 34. 

western township. The meridional boundaries are run first 
from south to north on true meridians with permanent cor- 
ners at lawful distances ; the latitudinal boundaries are run 
from east to west on random or trial lines and corrected 
back on true lines. Allowance for the convergencj of 
meridians is made whenever necessary. 
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Township SubdivtslOBS. — A true meridian Is established 
at tlie southeast corner of the township and the east and * 
south boundaries o( section 36 are retraced. Then begin- 
ning at the corner to sections 35 and 36 on the southern 
boundary, a line is run north parallel to the township line, 
corners are established at a distance ol 40 and SO chains; 
from the last named corner a random line is run eastward, 
parallel to the south boundary line of section 36, to its 
intersection with the east boundary of the township, A 
temporary corner Is set at a distance of 40 chains, and a 
permanent comer is afterwards established midway be- 
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tween the two permanent corners. The other c 
located in a similar manner, as shown in Pig, 33, The lines 
closing on the north and west boundary lines of the town- 
ship are made to close on the section corners already es- 
tablished, A theoretical township with perfect subdivisions 
is shown in Fig. 34. 

Ueanderlag. — Navigable rivers and other streams hav- 
ing a width of three chains and upwards are meandered on 
both banks, at the ordinary high water line by taking the 
general course and distances of their sinuosities. The 
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meanders of all lakes, navigable bayous, and deep ponds of 
the area of twenty-five acres and upwards are surveyed bs 
directed for navigable streams. Meander corners are estab- 
lished where meander lines cross base lines, township lines, 
or section lines. 

SnbdlTlsioii of S«otloii8. — In Fig. 35, (a) gives the sub- 
division of an Interior section, (b) of section 2 on the north 
side, (c) of section 7 in the west tier, and (d) of section 6 
in Uie northwest comer, . 
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Fig. 36. 

Deflcrlptlon of Land. — Land is described in the rectan- 
gular system by giving its location in a civil township; for 
example, in Fi^. 36, the northeast quarter, containing 
160 acres, would be described as: N E V„ Sec. 8, T 19 N, 
R 9 E, 3 P. M. The ten acre lot indicated in the northwest 
quarter would be described as : S E J4, N W ^, N W y, 
Sec 8, T 19 N, E 9 E, 3 P. M, 

Comera.— The corner inoniiments may be as follows: 
(a) stone with pita and earthen mound; (b) stone with 
mound of stone; (c) stone with bearing trees; (e) post in 
mound of earth; (f) post in mound of stone ; (g) post with 
liearing trees ; (h) simple mount of earth or stone ; (i) tree 
without bearing trees; (j) tree with bearing trees ; (k) rock 
In place, et«. The trees on line are required to be blazed. 
The size, markings and proper corners to tie used In any 
particular case and all other details are given in the 
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" Manual o( Surveying Instructions for the Survey of Pub- 
lic Lands of the United States," issued by the Qeaeral Laud 
Office, Washington, D. C. 

The last edition of the " Manual of Surveying Instruc- 
tions for the Survey of- Public Lauds" was issued in 1908 
and nay be obtained from the Superintendent of Docu- 
ments, Oovernment Printing Office, Washington, D, C., price 
75 cents per copy. A new edition of the Manual is prom- 
ised for 1915. The circular on the "Restoration of Lost 
and Obliterated Comers " mentioned in the next paragraph 
g'ives instructions for making resurvey, and may be ob- 
tained free by addressing the Department of Interior, Qen- 
eral Land Office, Washington, D. C. 

Beatoration of Loat or ObUtaratad Comers.* — "An ob- 
literated corner is one where no visible evidence remains 
of the work of the original surveyor In establishinjf it. Its 
location may, however, have been preserved beyond all 
question by acts of landowners, and by the memory of 
those who knew and recollect the true position of the 
original monument. In sueh cases it is not a lost corner. 

" A lost comer is one whose position can not be deter- 
mined beyond reasonable doubt, either from original marks 
or reliable external evidence." 

General Bules.— -The following rules are derived from a 
brief synopsis of congressional legislation relating to sur- 

" (1) The boundaries of the public lands established and 
returned by the duly appointed government surveyors, when 
approved by the surveyor general and accepted by the gov- 
ernment, are unchangeable. 

" (2) The original township, section, and quarter-section 
comers established by the government surveyors must 
stand as the true corners which they were intended to rep- 
resent, whether the corners be in place or not. 

" (3) Quarter-quarter corners not established by the gov- 
ernment surveyors shall be placed on the straight line 
Joining the section and quarter-section corners and mid- 
way between them, except on the last half mile of section 
lines closing on the north and west boundaries of the 
townships, or on other lines between fractional sections. 

" (4) All subdivisional lines of a section running between 
corners established in the original survey of a township 

* Circular on the "Restoration of Lost and Obliterated 
Comers and Subdivision of sections," Department of In- 
terior, General Land Office, Washington, D. C. 
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must be atraigfbt lines, running from the proper comei In 
one section line to its corresponding corner in the opposite 
section line. 

" (5) That in a fractional section where no opposite cor- 
Tesponding corner has been or can be established, any re- 
quired Bubdiviaion line of such section must be run from the 
proper original comer in the boundary line due east and 
west, or north and south, as the case may be, to the water 
course, Indian reservation, or other boundary^of such sec- 
tion, with due parallelism to section lines." 

" From the foregoing it will be plain that extinct cor- 
ners of the government surveys must be restored to their 
original locations, whenever it is possible to do so; and 
hence resort should always be first had to the marks of the 
survey in the field. The locus of the missing comer should 
be first identified on the ground by the aid of the mound, 
pits, line trees, bearing trees, etc., described in the field 
notes of the original survey. 

" The identification of mounds, pits, buried memorials, 
witness trees, or other permanent objects noted in the field 
notes of survey, alTords the best means of relocating the 
missing comer in its original position. If this can not be 
done, clear and eouvincing testimony of citizens as to the 
place it originally occupied should be taken, if such can be 
obtained. In any event, whether the locus of the comer be 
fixed by the one mcana or the other, such locus should 
always be tested and confirmed by measurements to known 
comers. No definite rule can be laid down as to what shall 
be sufficient evidence in such cases, and much must be left 
to the skill, fidelity, and good judgment of the surveyor in 
the performance of his work. 

" Actions or decisions by county surveyors which may re- 
sult in changes of boundaries of tracts of land and involve 
questions of ownership in connection therewith, are sub- 
ject to review by the local courts in proceedings instituted 
in accordance with the local statutes governing such 
matters." 

The pamphlet also contains much additional informa- 
tion of value. 

Locations of Principal Ueridiane. — Principal meridians 
have been established as the needs of the surveys war- 
ranted. There are twenty-four principal meridians in all, 
the locations of which are given in the *' Manual of In- 
structions," mentioned above. 
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Abridging Field Notes. — Tlie govemmeiit aurreyors use 
tlie method of abridging field notes shown in Pig. 3S. On> 
ners in the township boundary are referred to by letter ; 
interior section corners are referred to by giving the num- 
liers of the sections meeting at the comer ; interior quarter 
section comers are referred to by giring the numlier on the 
section lines produced. 
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SURVEYS BY METES AND BOUNDS. 
That portion of the United States settled lieforc the adop- 
tion of the rectangular system was surveyed by the method 
of mctcs and bounds. For the most part these surveys were 
very irregular and often involved complex and conflicting 
conditions. The entire eastern jiortion of the United States, 
and the state of Kentuclty, were surveyed in this n 
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and further examples are found in the French surveys in 
the states of Michigan, Indiana. Illinois, Missouri, Louisiana, 
etc., and the Spanish surveys of Texas, California, etc. The 
general principles underlying the questions of ownership, 
priority of survey, the restoration of lost corners, etc., are 
identical whatever the system of survey used. 

PKOBLEMS IN LAND SURVEYING. 
PROBLEM n. INVESTIGATION OF A LAND CORNER, 

(a) Bguipment. — Digging outfit, tape, etc., as required. 

(b) /'roOfem.^Coilect complete evidence relative to an as- 
signed land comer, and after giving due weight to the same, 
make a decision as to the true comer. 

(c) Uethods. — (1) Make careful examination of the offi- 
cial field notes and records pertaining to the land corner in 
question and make extracts from the same for further ref- 
erence. (2)Seek oral evidence from those acquainted with 
the history of the comer. (3) Make a survey ot fence lines 
and other plysical evidence, such as witness trees or their 
stumps, etc., near the corner under investigation. (4) Make 
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careful examination of the site of the comer with the dig- 
ging outfit ; the dig^ng should be done cautiously so as to 
avoid disturbance of existing stakes or other monuments. 
(5) If more than one monument be found, make due record 
of their character and positions, and make further inquiry 
reapecting them. (6) If no monument of any sort be found 
at first, continue the search diligeutly and do not give up 
finding the true corner as long as there is a remote chance 
of locating it. In any event, avoid wanton disturbance of 
any object or evidence that may have a bearing on the 
same. Ee6p a clear and concise record. 



PROBLEM F2. PERPETUATION OF A LAND CORNEK. 

(a) Equipntent. — Digging outfit, a large boulder or other 
permanent monument, cold chisel, hatchet, plumb bob, 
string, stakes. 

(b) Problem. — Replace a temporary land corner by a per- 
manent monument. 

(c) Methods. — (1) Uncover the identified temporary mon- 
ument and carefully determine the true point with consist- 

/' 

SORVEY OF SfC-1*,T-tS^ MOW- 



S'/- /it err. whkhHi^hShMpfri^a/,'. 

"/hWj) tm^btttfOfjtdf ss M# efr. for a« " 

miph,liia- i)!im.,S~*S'W., 77 Iki. 



,^fe-/4. / jB^o^Uer sFsfvp rfffrflwtffivn ^rtvtr- 



vrtetftmf,/fl-('e^jef/tffimifvjipaj'i 



fif oft/itsftktfsri:. 
Pltnftd grtart* tmliftr 1 

fftV f/t trff€ /Are itfufei/i gr pdai 

tmat,J6 <• n IH4'l. 



< st»f ^ 



a9k,24tns-c 
•BB-KdMliKfanif-Stfm 

lieiki-diif-. 



rrKltt/lintafilnhi^wiH'tnB^ifmiianftctr. Uri'Sii- 
fict sFronfavssJn^snii Ziltt.Saf bat 
ttfyum/- Fat efJtenfTrtm*' Jang 



,, Google 



PROBLEMS. 175 

ent exactness. (8) Reference out the point hy drivings two 
pairs of Btakee with strings stretched so as intersect 
squarely over the corner, (3) After carefully checking the 
referencing', dig out the old monument to a depth sufficient 
to receive the boulder and permit its top to set several 
inches beneath the natural surface if located in a road or 
where disturbance Is probable. (4) Cut a plain cross mark 
on the top of the stone, and set it in place in the bole, 
packing the earth about it, testing the position of the 
mark by means of the reference stakes and strings and 
plumb bob ; Anally leave the boulder set firmly in the cor- 
rect position. (5) Make reference measurements to suitable 
permanent points such as marks on curbing, gas pipes, wit- 
ness trees, etc., selected with respect to good intersections, 
and make reliable record of the witness notes after check- 
ing the same. (Other forms of permanent monuments are : 
gas pipe ; fish plate ; section of T-rail ; farm tile or vitrified 
pipe filled with cement mortar; post hole filled with mor- 
tar; special solid monument burned like farm tiie ; special 
casting similar to a gas main valve box, with hole in top 
to receive flag pole; etc.) 



(a) Egutptnent — Transit party outfit, digging tools, etc, 

(b) Problem. — Reestablish a quarter-section corner that 
has been obliterated or lost. 

(c) Methodg. — (1) Collect and record all the available 
evidence which may assist in the discovery and identifica- 
tion of the comer. Examine the field notes of the original 
survey, the surveyors' plat book and the county atlas on file 
at the court house, and make diligent inquiry for credible 
and competent Information, either written or oral aa to the 
location of the corner, (2) Make a careful search for the 
monument. Trace all the lines of the original survey, pay- 
ing particular attentionto bearing and sight trees. Dig in 
all the places indicated by the diiferent lines and give up 
the search only after you have exhausted every possible 
clue. (3) If the corner cannot be found, reestablish it. giv- 
ing due weight to all the evidence. The surveyor should 
remember that the corner should be reestablished where it 
originally was and not where it ought to be. After having 
located a stake at the supposed location of the original 
monument, reference it out and renew the search, (4) 
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After the monument has been relocat«d, mark it in a per* 
manent manner as indicated in Problem FS, b; a stone 
with a cross cut in its top or with a gas pipe well driven 
into the ground. Iteference it out to at least two perma- 
nent objects selected with a view to securing a first class 
intersection. Make a, careful record and preserve con- 
sistent accuracjr in the work. 



PROBLEM P*. REESTABLISHING A SECTION CORNER. 

(a) equipment. ^-Transit party outfit, digging tools, etc. 

(b) Proltlem. — Reestablish an obliterated or lost section 

(c) Jfetftods.— Follow the various methods described in 
Problem F3, giving special attention to the search for the 
original corner; upon failing to find trace of it, run out 
lines with reference to the section, quarter, and quarter- 
quarter comers in the four directions, with linear measure- 
ments from the same and finally reach the most consistent 
decision with reference to such survey lines, ownership 
lines, fences, hedges, road centers, etc. (A fruitful cause 
of disturbance of section and other corners is careless use 
of road graders, or the failure to lower the corner sufB- 
ctently below the surface of the road.) 



PROBLEM F5. BESURVEY OF A SECTION. 

(a) Equipment. — Transit party outfit, digging tools, etc. 

(b) Problem. — Make a resurvey of an assigned section. 
(e) Methodt. — (1) Make extracts from the field notes of 

the original survey and of all resurveys on file at the court 
house, and other notes that may be of value. Make dili- 
gent inquiry among the property owners for evidence as to 
the location of corners. (3) Retrace the lines, recording 
the location of old fences, timber markings and other evi- 
dences as to prior recognition of lines and corners. Use 
consistent accuracy. Record the original notes as given in 
the forms. Record the field notes in narrative style using 
the designation of corners as given in the resurvey plat In 
the form. Make a plat of the section in the manner pT»- 
scribed by state law for a resurvey. 
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PROBLEM F6. RESUEVEY OP A CITY BLOCK, 

(a) Eqtiipment. — Transit, 100-foot steel tape, chaining 
pins, axe, hubs, stakes, i pieces one-inch g'as pipe 2 feet 
long, notea of previous surveys, etc, 

(b) Proftiem,— Malie a resnrvey of an assigned city blocli. 

(c) Methodg. — (1) Procure full notea of all the surreya 
and resurveya of the assigned block from the records at the 
court house and from any other source available. (2) Make 
a resurvey of the block, using the notes, and drive huba for 
temporary corners. (3) Compute the latitudes and depar- 
tures of the courses, and if consistent balance the snrvey. 
(4) If the comers of the block as located are consistent 
with the existing property and street lines, drive gas pipes 
as permanent cornera. <S) Subdivide the block into lots as 
shown in the notes. (S) Make a plat of the block on mauila 
paper to the prescribed scale, showing block and lot lines, 
distances and angles obtained in making the survey, the 
names of the owners of the property and the names of the 
streets. Prepare a surveyors' certificate as provided by law. 
Trace the map if required. (The accuracy attained should 
be based on the valuation and other local conditions. Be- 
fore l>eginning the survey use every possible care to find 
the comers with reference to which the original survey was 
made. When lots are sold by number, the excess or de- 
ficiency should be divided pro rata. However, when lot lines 
have been Ions' acquiesced In, it is doubtful if the courts 
will uphold the surveyor In interfering with the ancient 
lines of ownership. It then becomes necessary either to 
make a compromise survey that will be satisfactory to the 
owners, or (o make a survey that is strictly according to 
the letter of the law, and submit the map and certificate to 
the courts for settiemeiit. The surveyor should remember 
that he is simply an expert witness and that he had no final 
Judicial powers.) 

PROBLEM FT. BESUEVEY BY METES AND BOUNDS. 

(a) Egtiipmetit, — Transit party outfit, digging tools, ete. 

<b) Problem, — Make a resurvey of an assigned tract 
whose original survey was made by metes and bounds. 

{c) Methods. — (1) Collect full notes and data relating to 
the monuments, magnetic bearings, magnetic variation, 
date of survey, lengths of lines, etc, (3) Make a careful 
investigation of the lines and corners on the ground and 
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make notes of any evidence there found. (3) Locate and 
Identify -with certainty as many as possible of the original 
monuments ; where double or contested eornera eiist, locate 
each definitely tor further reference; if comera are gen- 
erally lacking or doubtful, concentrate attention on at least 
two which give most promise of definite relocation, and re- 
establish these corners as carefully as possible, (4) Having 
at least two corners, retrace by random line the perimeter 
of the tract, according to the original description, begin- 
ning at one and closing on the other corner ; set temporary 
corner stakes at the several paints ; note the linear and an- 
gular error of closure of the random traverse on the last 
monument. (5) Calculate the latitudes and departures of 
the random survey, and determine the angular and linear 
relations between the random and the original surrey; also 
fix the position of the several random stakes relative to 
the supposed true positions of the respective corners. <6) 
Set stakes in the true positions, as calculated, reference 
them out, and renew the search for the original monu- 
ments. (7) Finally reestablish each corner in the most 
consistent position, put permanent corners in place, and 
take witness notes for each, making complete notes of the 
proceedings. Follow the form, 

PROBLEM F8. PARTITION OF LAND. 

(a) Eguipmeiit. — Transit party and digging outfits, etc. 

(b) Problem. — Make a partition of an assigned tract of 
land in accordance with instructions. 

(c) Methods. — (1) Make the necessary resurveys of the 
assigned tract, identifying original monuments, and rees- 
tablishing lost corners as required. (3) Make a plat of the 
partition. (3) Subdivide the land and set permanent cor- 
ners; carefully establish witnesses to the corners and se^ 
cure witness notes. (4) Prepare and file plat and descrip- 
tion as required by law. 

PROBLEM F9. DESIGN AND SURVEY OF A TOWN SITE 
(OR ADDITION). 

(a) Eguipment. — Equipment for topographic survey for 
both field and office. 

{b) ProB/cm.— Make a preliminary topographic survey 
of the proposed town site (or addition), design the plat, 
and make the surveys for blocks, lots, etc 
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(c) Methods. — (1) Make a careful resurvey of the entire 
tract, Reference the existing monuments and carefully re- 
locate all missing corners. (2) After the monuments have 
been carefully located, reroeasure the diataoces and ang-lea 
very carefully. Before beginniog the chaining, a standard 
should be established as described in Problem A33, (3) 
Fill in the topographic details trith the transit and stadia, 
unless directed otherwise, using consistent accuracy. (4) 
Make a complete topographic map of the tract. (5) Design 
the townsite and sketch it in on the map. The questions of 
surface drainage, sewerage, possible overflow, street grad- 
ients, principal thoroughfares, diagonal streets, alleys, etc., 
should be carefully considered. The streets should be of 
ample width, and be laid out with reference to ease of 
grading both the street and adjacent property. Residences 
should face desirable streets and the cross streets in the 
residence district should not be too numerous. The prin* 
cipal thoroughfdre should pass through the business por- 
tion and have minimum gradients. The system of sewer- 
age and drainage should be worked out roughly before the 
design la completed. Much expensive construction can be 
avoided by using care in designing the town site. <S) 
Make preliminary profiles of all the streets on Plate A 
profile paper to the prescribed scale. (7) Carefully locate 
the block and other important comers and mark them by 
permanent monuments of stone, gas pipe, tiling, etc. (S) 
Subdivide the blocks Into lots and mark the lot corners by 
means of gas pipes or hubs. (9) After the streets have been 
located carefully, take levels on the same, make profiles, 
and lay grade lines for all streets, sidewalks, and improve- ■ 

Use accuracy consistent with the value of the property 
throughout the problem. Make a careful record of the 
notes. Complete the maps and profiles. 
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CHAPTER VIII. 
BATLEOAD SUBVETHTG. 



ClasslficRtloii.— For the purpose of class iostruetion, 
railroad surveying will be discussed uoder the following 
heads: (1) curve practice, (3) reconnaissance, (3) prelim- 
inary survey, (4) location survey, (5) construction, (6) 
maintenance. 

Cvrve practice is designed to give the student familiarity 
with the methods of running curves so that the location 
survey may be made without needless delay. It consists of 
a series of typical problems covering the usual range of 
conditions found in suth surveys. 

The reconnaissance is a rapid prelim-nary examination 
of a district or area for the purpose of selecting ruling 
points to control the general routes of the preliminary sur- 
vey lines. The distances are paced or scaled from a map ; 
elevations are determined by means of the barometer or 
hand level. 

The preJiminary survey is designed to obtain information 
and to obtain it rapidly, as a guide in making the location 
survey. A rapid deflection angle traverse is run, following 
the general route of the proposed line, but keeping in clear 
ground as far as may be to gain time ; levels are run, topog- 
raphy including contours taken, the map made, and one or 
more location lines projected on the map. 

The location survey fixes the exact lines, including the 
curves, preparatory to building the proposed railroad. Some 
engineers prefer to run one or more trial location lines, but 
it is best practice to locate the line as projected on a re- 
liable contour map. 

Construction surveys are made for the purpose of fixing 
the roadbed limits and other constructive details, and esti- 
mating earthwork and other quantities. 

Maintenance surveys and resurveys are made after the 
line is built, for ballasting, yard construction or other pur- 
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Field Organization of Class.^ — In order to carry out the 
foregoing steps, the following field parties are required : 
(a) transit party, (b) leveling party, (c) topography party, 
(d) land-line party, (e) cross-sectioning- party, (f) bridge 
and masonry party, (g) resurvey party. 

Qeneral Biequirements. — Each party should work with 
snap and vigor and accomplish the best results practicable, 
iKith as to quality and quantity. To this end each member 
of the party should not only be careful, exact, and rapid in 
the discharge of his own duties, but avoid interfering with 
the work of others, such as obstructing the view of the 
transitman. In order to give each student practice in all 
the positions, the posts will be shifted daily, prt^resslng to 
the higher positions in the party. The student should not ' 
underrate his practice in the subordinate positions, nor fail 
to malce proper use of his more responsible duties. The 
usual decorum of field parties will be observed. 

TBANSIT PABTT.— It is the duty of the transit party 
to establish the traverse line upon which to base the levels 
and topography. The student transit party will consist of 
the following members: (1) chief of party, (2) transitman, 
(3) head chainman, (4) rear chainman, (S) stakeman, (6) 
axenian, (7) front flagman, (8) rear flagman. The duties 
and equipment of the respective members are stated below. 

Chief of Party. — (Party list, map of line, 5&-foot metallic 
tape, railroad curve text book.) The chief of party is re- 
sponsible for the general progress and quality of the work. 
It is his duty to direct the survey ; see that each man does 
his work properly and with sufficient accuracy and de- 
spatch; check the transitman's work when necessary; keep 
the transit notes if the transitman is pushed ; and make 
himself generally useful. He should be thoroughly ac- 
quainted, before going to the field, with the situation and 
with the data applicable to the work of the day. In requir- 
ing subordinate members of the party to perform their 
work properly,"he should carefully preserve the dignity of 
his own position. Should there be no chief, these duties 
will be shared by the transitman and head chainman under 
the former's directions. 

Transitman. — (Transit, reading glass, adjusting pin, 
transit note book, railroad curve t«xt book, figuring pad.) 
The transitman runs the transit, l^eeps the notes, and in 
the absence of the chief, directs the work of the party. He 
should do careful and exact as well as rapid work, since the 
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progreBB and character of the aurvej are usually controlled 
chiefly by the skill of the transitman. 

In levelingf up, keep the lower parallel plate about leveL 
Avoid undue tightness of foot Bcrewa, In setting the ver- 
nier to zero, use a quick converging motion with the tangent 
movement and note the adjacent graduations. If the tran- 
sit has lost motion, learn which way to get the slack on thi> 
tangent aerews. As a rule, use the lower motion by prefer- 
ence. Habitually back sight to the rear with telescope re- 
verEcd, then plunge the telescope on prolongation and read 
the deflection right or left. If practicable, base the cal- 
culated bearings on a true meridian; otherwise, allow for 
the magnetic declination at a station which seems to be free 
from local attraction and thus obtain a reference meridian. 
Check all deflection angles by needle reading, both as to 
amount and direction. Lack of proper adjustment is no 
excuse for error. Always prolong a tangent line by double 
sightings. Also check deflection angles from time to time, 
by double sightings. Check on back sight before finally 
approving any precise point ; likewise never fail to con- 
clude the observations at each transit station by checking 
on the back sight. In such check it is usually best to sight 
back precisely on the point and then note whether the ver- 
nier has the proper reading. Assist the flagman In plumb- 
ing the pole, and always sight as near the bottom of the 
pole as possible. The transitman should admonish the 
chainmen, etc., to keep clear of the line. 

On preliminary surveys, usually let the rear chainman 
line in the head chainman by eye, at least for short 
stretches, ^o not hesitate to offset or zig-zag more or less 
along open ground to gain time. A rapid method for pass- 
ing through heavy timber is to zig-zag on slight deflection 
angles right and left, tabulate the lengths in stations and 
deflections in minutes, and the products of the two in sep- 
arate columns on the right hand page. The original line is 
regained by making the algebraic sum of the products zero, 
and the original direction is resumed by turning off a de- 
flection which balances the deflection angle columns. 

On location, each stake should be lined in carefully by 
transit. Small obstructions, such as trees, may be passed 
by parallel lines, using offsets of one foot or so at two hubs 
a few stations apart; the line is resumed in like manner. 
Where plate readings are used in rectangular or other off- 
set metJiods. no sights shorter than 50 feet should be used. 
The equilateral triangle one station or more on a side is 
U 
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often used. Obstructions on curves may usually be passed 
readily witb the aid of tables 'of long chords and mid-OP^ 
dinates. 

Curve index-readings should be calculated as though the 
entire curve were to be run in from the P. C. ; starting with 
the index-reading of P. C. always equal to zero, check the 
calculations by noting that the index of M. C. is ^ 1, and of 
P. T. is 14 I, In using the notes, remember (hat with the 
transit at any point whatever on the curve, the following 
rules apply: (1) When pointing to any station, the ver- 
nier must always be set to read the index-reading for that 
station; and (3) when pointing on tangent at any station, 
the vernier must be set to read the index-reading for that 
station. As a rule, the best program in curve location is: 
Having P. I, located, (1) measure I and assume D; (3) cal- 
culate T and E; (3) establish P. T. by chaining off T on 
front tangent; (4) establish M. C. by laying off E on bisect- 
ing line ; (5) locate P. C. by interpolating hub at calculated 
station number on back tangent; (6) move transit to P, C. 
and foresight on P. I.; (7) calculate curve notes (if not al- 
ready done) ; (8) check sight on P, T. and M. C. and if sat- 
isfactory; (9) run in curve, checking for distance and angle 
on M. C, and P. T., moving transit ahead if desirable or 
necessary; (10) set up at P. T. and resume front tangent. 
One minute is the limit of alloivabte error in any curve. 
Mistakes in calculations or in measurements of angles will 
be counted serious errors. On final location the curves will 
be spiraled. After the line is located, reference out P. C, 
P. T., and other important hub points by two intersecting 
lines and take careful notes of the same (see method (g). 
Fig. 5, Chapter II). 

The transit notes should be reliable, complete, neat and 
distinct. Each entry should have but one reasonable mean- 
ing and that the correct one. Record station numbers from 
the bottom upwards, usually with ten stations per page. 
Repeat the last station at the bottom of the nest page. 
Allow two lines per station so as to provide for sketching at 
300 feet to the inch. On the middle line of the right hand 
page mark each station with a dot and number every fifth 
station which should also be enclosed in a circle. The 
transit notes should include sketches of prominent land 
and street lines, stream crossings and other prominent 
topographic details, with pluses shown in the sketch. The 
notes should include date, weather, organization of party, 
etc. An appropriate title page giving name of surrey, date 
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of commencement and completion, etc., should be prepared. 
The notes will be kept in the prescribed fonii. The field 
notes are to be returned at the close of the day's work. 
All estimated data should be noted as such. 

Completeness and neatness of notes and records, facility 
and accuracy in handling the instrument, and promptness 
in advancing the progress of the survey will count in the 
estimate of the work of the transitman. 

Head Chainman.-~'(Flag pole.) The progress of the 
chaining depends chiefly on the activity of the head chain- 
man. After setting a stake he should more off briskly (pre- 
ferably at a trot) and be prepared for the "halt" signal aa 
he approaches the next station. When the full chain length 
is pulled out, the head chainman turns, holding the flag pole 
in one hand and the chain handle in the other, and sets the 
pole in line by signal from the rear chainman or transit- 
man. Much time can be saved in this process if the head 
chainman habitually walks about on line and if he sights 
back over the two stakes last set. If on curve location, he 
should line himself in on the prolongation of the preceding 
station chord, and then offset by pacing or with flag pole 
a distance In feet equal to 1% times the degree of the 
curve ; the calculation is made mentally and the pole can 
usually be set within a few inches of the correct position 
by the time a speedy transitman has the deflection angle 
set off. Having the line established, the pole Is shifted to 
the correct distance, and the stake is driven plumb in the 
hole made by the flag pole spike. If the survey is a rapid 
preliminary tine, the head chainman hastens ahead the in- 
stant the stake is started at the proper point, although in 
a more careful preliminary the chainmen check the dis- 
tance to the driven stake. On location surveys it is custo- 
mary for the chainmen to wait until the stake is driven 
and mark the eiact distance on the top of the stake with 
the axe blade, and the exact line of signal from the transit- 
man. In this process the head chainman should keep in 
mind the convenience of the transitman, and in case the 
line is being run to a front flag, the chainman should be 
careful to clear the line frequently to allow check sights 
ahead. In breaking chain on steep slopes the full length 
of chain should usually be pulled out ahead and the chain 
thumbed at the breaking points so as to avoid blunders ; a 
plumb bob or flag pole should be used in the process. In 
passing over fences it often saves time to drive a 10-d nail, 
with " butterfly " attached, in the top plank to serve as a 
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check back si^ht from the next transit point. The chain- 
men should carefully avoid obstructing the transltman'a 
view, to which end they should walk on the outside when 
locating curves. 

It«ar Chainmon. — (100-foot chain or tape, chaining pina 
(if allowed), figuring pad or note book.) As the rear chain- 
man approaches the stake just set, he calls out "halt" and 
holds the end of the chain approximately over the stake, 
quickly lines in the flag pole in the band of the head chain- 
man (or the pole is lined in by the tranaitman), the precise 
. distance is given, and the chainmen move on briskly. As a 
rule, pluses should be read by the rear chainman, the front 
end being held at the point to be determined. Fractions 
will usually be taken to the nearest 0.1 foot, although 0.01 
foot may at times be properly noted. It is the duty of the 
rear chainman to keep a record of pluses and topographio 
details when the transitman is not at hand. This record 
may be kept on a figuring pad and the memoranda handed 
at the ftrst opportunity to the transitman, who transfers 
the data to his book and carefully preserves the slips for 
future reference. It Is usually better, however, to keep 
the auxiliary notes in a memorandum book instead of on 
the loose slips. The chainmen should carefully avoid dis- 
turbing the transit legs. 

The responsibility for correct numbering of the station 
stakes rests chiefly on the rear chainman. It is bis duty 
to remember the number of the previous station so as to 
catch blunders on the part of the stakeman. As be reaches 
the stake just driven, he mentally verifies its number and 
repeats it distinctly for the guidance of the stakeman in 
marking the stake to be driven ; the stakeman responds by 
calling the new number, and each repeats, his number as 
a check before final approval. The rear chainman then 
charges his mind with the numbers and checks the newly 
set stake on reaching it. In case of doubt he returns to 
the preceding stake and notes its number. 

Stakeman. — (Sack of flat and hub stakes, marking 
crayon, handaxe.) The stakeman with his supply of flat 
and hub stakes in a sack, should keep up with the head 
chainman and be standing, with stake and marking keel 
in hand, ready to number the new station stake on hearing 
the rear chainman call out the preceding station numljer ; 
the numbering is repeated, as already explained, before the 
stake is driven. Chaining pins are not used, but their 
equivalent in checking tallies may be had by numbering the 
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stakes ahead and tieing' them up la sets of ten. By tiiiin- 
berin^ stakes at slack moments the stakeman gains time 
to assist the axeman in clearing the line, etc However, 
special care should be taken to avoid omissions and dupli- 
cates. The stakeman should finish numbering- the stake 
and hand it to the axeman bj the time the head chainman 
has fixed the exact station point. The stakes should be 
numbered in a bold and legible manner, the keel being 
pressed into the wood for permanency. The number should 
read from the top of the stake downward. Stakes on an 
offsetted line should he so marked as 4'L or S'R, beneath 
the station numl>er. When survey lines are lettered, the 
serial letter should precede the station number. Guard 
stakes for P. I., P. C, P. T., reference points (E. P.), etc., 
should be clearly marked. The stakeman should assist the 
axeman in clearing the line and should drive stakes when 
the axeman is delayed. He should caretully avoid obstruct- 
ing the transitman's view. The stakeman is under the di- 
rection of the head chainman. 

Axenuui. — (Axe, tacks, (and if so instructed) an extra 
sack of stakes with marking keel.) It is the duty of the 
axeman to drive stakes, remove underbrush from the line, 
clear an ample space about the transit station, etc. He is 
expressly warned, however, in student field practice, not to 
hack or cut trees or damage other property in any way, 
and in general, not to trespass on the rights of owners of 
premises entered in the progress of the survey. 

The flat station stakes are driven Urmly crosswise to the 
line vrith the numbered face to the rear. Hubs are driven 
about flush and usually receive a tack ; they are properly 
witnessed by a flat guard stake driven 10 inches or so to the 
left, the marked face slanting towards the hub, as shown 
in Fig. 9, Chapter II. The axeman receives the marked 
stake from the stakeman and drives it plumb at the point 
marked by the spike of the flag pole. On location or careful 
preliminary surveys when the stakes are being lined in 
by transit, the axeman should stand on one side when driv- 
ing and keep a lookout for signals from the transitman. 
In shifting the stake as signaled he should use combined 
driving and drawing blows with the axe. When the precise 
point comes much to one side of the top of the hub, an- 
other hub should be driven alongside and the first one 
driven out of sight before the tack is set. The axeman 
should move ahead briskly and avoid delay to the chaining. 
The stakeman should, when necessary, drive the stake with 
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the spare handaxe. When the field force is scant, one 
man may serve in both capacities. The axeman is under 
the direct charge of the head chainman. 

Front Flagman. — (Flag pole, small supply of hubs and 
guard stakes in stake sack, handaxe, a iew 10-d nails.) It 
is the duty of the front flagman to establish hub points 
ahead of the chaining party under the direction of the chief 
and transitman. In selecting transit stations he should 
keep in mind visibility and length of both fore sight and 
back sight, and to this end. points should be taken on ridge 
lines and where underbrush, etc., is least in the way. The 
practice of planting the flag pole behind the hub may be 
warranted occasionally, as for example, when the field 
party is shorthanded, but never when the regular flagman 
is not specially detailed for other duties. The front flag- 
man should keep close watch on the transitman and should 
habitually stand with the spike of the flag pole on the tack 
head and plumb the pole by standing squarely behind It 
and supxMtrting it between the tips of the fingers of the two 
hands. Should the front flagman be flagging for an inter- 
polated point depending on a foresight which his pole would 
conceal, he should clear the line for a check sight by lean- 
ing the pole to one side. When crossing fences he should, 
when convenient, establish check sights on the top plank 
by driving a spike and attaching a " butterfly " 

Bear Flagman.— (Flag pole, hatchet, slips of paper.) 
The rear flagman gives back sight on the preceding transit 
station. The details of his duties are much the same as 
those of the front flagman. It is an excellent plan for him 
to cut a straight sapling or limb and plant it exactly be- 
hind the hub when signaled ahead. This picket pole is 
made more visible by splitting the top and inserting a slip 
of paper, to make a " butterfly." A series of such pickets 
on a long tangent line often affords a fine check on the 
work when an elevated transit point is reached. 

LEVEL PAB.TT.— It is the purpose of the level party to 
secure data concerning the elevations of the points along 
the line so that an accurate profile may be ma^e and the 
grade line established. The leveling party should be on the 
alert to detect errors in the work of the transit party, such 
as omitted or duplicated stations, etc. The party consists of 
two members; (1) leveler, (2) rodman. In very brushy 
country an axeman may be added, but this is usually un- 
necessary if the line cleared by the transit party is fol- 
lowed. 
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lievelmr. — (Le?el, adjusting pin, level note book.) The 
leveler should follow the most approred methods described 
under the head of difEerential and profile leveling in Chap- 
ter IV, The nearest 0.01 foot should be observed on turn- 
ing points and bench mark rod readings and elevations and 
on oci^sioijal important profile points. The fore sight rod 
readings on ground profile points are to be taken only to 
the nearest 0.1 foot and the nearest 0.1 foot in the height of 
instrument is to be used in calculating the elevation. (Be- 
ginners sometimes calculate elevations to 0.01 foot when 
the rod readings are taken only to the nearest 0.1 foot.) 
The leveler should be rapid with his level as well as with 
figures. He should calculate elevations as fast as the rod 
readings are taken and should systematically cheek up the 
turning point and instrument heights as the work proceeds. 
As results are verified the same should be indicated by check 
marks. Each page of notes should be checked by summing 
up turning point back and fore sight rod readings, and com- 
paring their difference with the difference between the flrsf 
&ad last elevations or instrument heights, as the case may 
be, on the page. Follow the prescribed form. Aa far as 
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passible, bench marks should be checked by Including them 
in the circuit as turning points. Balance back and fore 
sight distances on turning points. Permanent bench marks 
should be established at least every 1500 feet, and located 
in places at once convenient and free from disturbance 
during construction. Later levels should check within 
0.05 foot into the square root of the length of circuit in 
miles. When a discrepancy is found, a line of check levels 
must be run to fii: responsibility for the error. In cross- 
ing streams, secure high water elevations, with dates, es- 
pecially of extraordinary floods, also low water level. In 
crossing highways obtain elevations each side for some 
distance with a view to avoid grade crossings. In going up 
or down steep slopes, gain all the vertical distance possible 
each setting, and follow a zig-zag course. The bottom of 
deep gullies may be determined by hand level. Assist the 
rodman in plumbing the rod, and on turning points and 
benches have the rod gently swung in a vertical plane to 
and from the instrument and take the minimum reading. 
The self-reading rod is to be preferred. Many levelers use 
the Philadelphia rod without target. If the target is used 
on turning points, the leveler should check the rod read- 
ing when practicable. 

Completeness, correctness and neatness of notes and rec- 
ords, and facility and accuracy in handling the level will 
be given chief weight in fixing the merit of the leveler's 
work. The level notes are to be returned art the end of the 
day's work. 

Bodman. — (Leveling rod, peg book, hatchet, turning 
point pegs, spikes, keel.) The rodman holds the rod at 
station stakes and at such plus points as may be required 
to make a representative profile. It is his duty to identify 
each station point and be on the lookout for duplicated or 
omitted stations. To this end be should habitually pace in 
each station, especially in grass or underbrush, and call out 
or signal the station number to the leveler. Should a blun- 
der in station numbering appear, he should positively con- 
firm the fact by retracing several stations, and then carry 
tb& corrected stationing ahead. The rod should be held 
truly plumb, which in bestfdone by standing squarely be- 
hind the rod and supporting it with the tips of the fingers 
of both hands. On turning points, the rod should be waved 
gently in a vertical plane to and from the instrument. The 
rodman should pay special attention to placing the target 
right for long rods and examine it to note if it has slipped 
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before reading tlie rod. Errors of 1 foot, 0.1 foot, etc.. 
should be carefully guarded against. Turning points should . 
be selected with special reference to their solidity, and core 
should be taken not to disturb them. Station pegs and 
hubs are often used for turning paints ; when so used, the 
precise fore sight to 0.01 foot should follow the usual ground 
rod reading to the nearest 0.1 foot. The rodman should use 
good judgment in selecting bench marks, locating them o<it 
of reach of probable disturbance during construction and 
describing them so as to be easily found. He should be ac- 
tive and do his best to keep close up with the transit party. 
The rodman should keep a peg book for recording turning 
points and instrument heights, and check his computations 
independently and compare results with the leveler. 

TOFOaSAPHT' PABTT.— It is the purpose of the 
topography party to secure full data for mapping contours, 
property lines, buildings, roads, streams, and other import- 
ant topographic details. The width of territory to be em- 
braced in the survey depends on local conditions ; in places 
it may be as much as one-fourth or one-half mile from the 
line, although it is usually better to run alternate lines when 
the distance to be included becomes so great. The topog- 
raphy party often consists of only two men, but a party 
of four is much more efficient. Sometimes no regulartopog- 
raphy party is provided, but after running a few miles of 
line ahead, the transit and level parties are formed into 
several parties to bring the topography up to the end of the 
preliminary line. For student practice the topography 
party will consist of four members: (1) topographer, (2) 
assistant topographer, (3) topography rodman, (4) tape- 
Topographer. — (Topography board, topography sheet (or 
several sheets), hard pencil, compasses, eraaer, etc.) The 
topography sheet should be prepared before going to the 
field, showing the alinement and other data needed from 
the transit notes, and elevations of all stations and pluses 
from the level notes. Cross-section paper is to be preferred. 
The center line may be plotted to one side of the center 
line of the sheet, when the topography is to be taken far- 
ther in one direction than the. other. In order to secure 
full details, the scale of the field plat may well be double 
(or even more) that of the finished map. The topography 
sheet should show local conditions, such as gravel banks, 
rock ledges, etc.. suitable for ballast or other constructive 
use; out-croppings of rock or other material which may 
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affect the classification of the ^aduation; character of 
substrata at sites o( bridge or other masonry work ; springs, 
wells, streams, etc., suitable for water supply; approximate 
flood levels and other data relating to waterways or surface 
drainage; location of streams, especially with reference to 
desirable crossings, freedom from probable change of chan- 
nel, etc. ; location of highways including elevations some 
distance either way with special reference to avoiding 
grade crossings ; other railroad lines, with the same point 
in Tiew ; character and condition of crops and other farm 
improvements, names of owners, etc., — in short, any and all 
information that is at all likely to be of service in mapping 
the route, projecting the location, during construction, etc. 
In locating a group of buildings some distance from the 
line, fix the principal one by tie lines, by intersection or 
polar coordinates, and the others by measurement and 
sketch from it. Locate buildings near the line by rectangu- 
lar offsets, or by intersections of the principal outlines 
with the survey line. Contours are located by means of 
the hand level used by the assistant topographer. The con- 
tour interval should be five feet ordinarily, but may be in- 
creased to ten or more feet on very steep slopes. The con- 
tour data should be selected with special reference to 
ridge and gully lines (see problem and plat on contour level- 
ing, Chapter IV). Ordinarily hand level lines may be run 
out at right angles; angling lines along gulches and ridges 
may be located by estimation, pocket compass or tie lines.. 
The plat is made by the topograplier from data collected by 
the other members of the party. A common fault with the 
beginner in such work is the omission from the plat of im- 
portant numerical data, such as station numbers of land- 
line crossings, etc., owing to an undue attention to the 
minute details of the drafting work. A good topography 
* record with contour notes on the left hand page and field 
sketch showing all nnmerical data on the right, is shown 
in the accompanying form. 

Aasiatant Topographer. — (Hand level, pocket compass, 
topography note book.) It is the duty of the assistant 
topographer to collect data for the use of the topographer 
in making the plat. He uses the hand level, notes station 
numliers, distances, bearings, etc., and makes such record 
of the same as may be required to fit local conditions. In 
contouring, a special rod with adjustable base (see Pig. 19, 
Chapter IV.), if available, may be used; otherwise, an or- 
dinary flag pole with alternate feet red and white is em- 
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ployed. Be^nning with the known profile elevation, as ex- 
tracted from the leveler's record, even five-foot contours are 
located, as a rule, nominally every 200 to 500 feet at right 
angles to the line, except as ruling ridges or gullies may 
suggest other directions. His record should be ample and 
legible, and include data and information which may not 
properly be placed on the plat. All estimated elevations, 
distances or dimensions should be noted as such. The as- 
sistant topographer works under the direction of the topog- 
rapher, but is expected to take the initiative in the collec- 
tion of data so as to permit his superior to devote proper 
attention to the field plat. 

Topography Bodman. — (Topography rod with adjust- 
able base (see (f). Fig. 19, Chapter IV.) or flag pole, 
hatchet.) It is the duty of the rodman to hold the topog- 
raphy rod as directed by the assistant topographer. He 
should be active and continually on the alert for informa- 
tion or data which the record book or sheet should coatain. 
The rodman holds the zero end of the tape in measuring 
the distances. He should acquire skill in pacing on rough 
as well as smooth ground, and when sufficiently exact es- 
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pecially on ground remote from the surveyed line, he should 
gain time bj paeing in the distances to contour linee. 

Tap«man. — (Metallic (or band) tape, set of chaining 
pins, flag pole.) It is the doty of the tapeman to deter- 
mine distances with the help of the rodman. He should 
be vigilant in cheeking up tallies, reading fractions, level- 
ing the tape, breaking chain, plumbing down ends, etc., 
and should never be the cause of needless delay In the 
work. When required, he should measure angles, take tie 
lines, etc., with the tape. 

OFFICE WORK.— The office work of each student in- 
cludes: (I) reconnaissance map, profile and report; (2) 
map showing preliminary lines with topography and pro- 
jected location lines; (3) preliminary j»Mjflle with grade 
lines, approximate estimate of quantities, etc.; (4) final lo- 
cation map (traced from preliminary map); (a) location 
profile; (6) copies of field notes; (7) cross-section notes 
and estimate of graduation quantities; (6) estimate of 
cost of constrution ; (9) monthly estimates, progress pro- 
file, haul, prismoidal and curvature corrections, vouchers, 
etc., final estimate. 

BeconnalBsance Report — The reconnaissance map show- 
ing the area examined will be based upon such maps of the 
route as may be available. It should show the several 
ruling pcunts and general routes selected for actual survey. 
The profile should be based upon barometric or band level 
observations and distances scaled from the map or deter- 
mined roughly by pacing or otherwise on the ground. The 
report should refer to the map and profile and state the 
general scheme, the several ruling considerations or condi- 
tions, the details of the examination, a rough comparison 
of the several alternative routes, and a final summary 
and conclusion with definite recommendations. The report 
should be made in accordance with best usage as to form, 
composition, ete. 

■ (Considering the limited point of view of the beginner, 
the reconnaissance reports may not be required until the 
actual surveys are well along. In such case, however, the 
student is not to draw data from sources other than those 
above outlined.) 

Preliminary Hap. — The mapping should be the best 
product of the student's skill as a draftsman, and should 
conform closely to the department standards, which are 
based upon best current usage of leading American rail- 
roads. Unless otherwise instructed, the preliminary map 
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will be made on eg^hell or paragon paper. There are 
three ways to plot the skeleton of the preliminary survey: 
(1) by laying off each successive deflection angle and dis- 
tance from the preceding line; (3) by laying off the suc- 
cessive calculated courses and distances from a precisely 
drawn meridian or other reference line; and (3) by rect- 
angular coordinates. The flrst method should not be used, 
since cumulative errors are probable. The second is rapid 
and free from serious objection ; if preferred, a modified 
base line may be assumed and the calculated bearings 
transferred to the same ; the angles may be laid off by 
means of scale and table of natural trigonometric f unctione 
from a precisely drawn base line and then transferred, as 
required, by parallel ruler or triangle ; this method is used 
most in practice. The third method ia the moat exact, and 
will be used by the student unless the second is specified. 
It involves the calculation of a plotting sheet, as shown in 
the accompanying form. The axis is usually a meridian 
line, but any line may he taken and the courses changed 
to suit. In making the plotting table, the data, calculated 
' bearings, distances, etc., should be carefully checked through 
to the last point in the skeleton before the plotting is be- 
gan. Only one axis should be plotted, preferably the one 
having greater totals, so as to give short perpendiculars. 
Starting from the origin, 1000-foot points are pricked in 
along the axis to the specified scale, and marked 0, 10, 20, 
etc.; the totals are interpolated on the axis and lettered; 
exact perpendiculars about the right length are erected ; 
the second point is established by scaling the perpendicu- 
lar and the tine is checked back on the preceding point; if 
correct, the stations are pricked in and every fifth station 
and deflection points are enclosed in a small circle and 
neatly numbered ; the next course is so located and checked 
back by length of hypothenuse, the stations fixed and num- 
bered, and so on to the end of the line ; the courses should 
be taken in their order and none passed without checking 
satisfactorily. After the skeleton is completed, the topog- ' 
rapbic details are penciled in, and the map finished and 
inked. The title, border, meridian (both true and mag- 
'netic), etc., should be firat-class in quality and in keeping 
with the rest of the map. Crude or careless lettering or 
other details of the map will cause its rejection. The title 
of the map, profile, etc., should be given in brief on the 
outside of the sheet or roll at each end. 
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Frellmlnaiy Profile. — Use Plate A profile paper In mak- 
ing the profiles. The level notes should first be carefully 
verified and then one person should read off while another 
plots the data. A hard pencil, 8H or TH, sharpened to a 
long needle point should be used. The stations are first 
numbered along the bottom from left to right (or the re- 
verse, as prescribed) ; leaving six inches or so at the left for 
a title, and beginning at a prominent line with station 0, 
every tenth station is so numbered. The notes are exam- 
ined for lowest and highest elevaCiou and a prominent line 
is assumed as an even 50 or 100-foot value relative to the 
d^tum. The horizontal scale is 400 feet and the vertical 
scale 20 feet to the inch. Points should be plotted no 
heavier than necessary, since the surface of profile paper 
will not permit much erasing. The surface line should be 
traced in close up to the plotted points, owing to the 
danger of overlooking abrupt breaks such as streams, 
ditches, etc. Pluses should be fixed by estimation. The 
surface line when completed should be inked with a ruling 
pen used freehand ; the vreight of the line should be about 
the average of the ruled lines on the profile paper. (A 
special profiling or contouring x>^n is much used for this 
purpose.) The profile should show the grade line, grade 
intersection, elevations and rates of grade in red ; water 
levels, and data relative to same in blue ; surface line, sta- 
tion numerals, et«., in black ; the alinement, important land- 
lines, streams, etc., should be shown at the bottom of the 
profile in black. The grade line should be laid nominally 
with a view to balance the cut and fill (Quantities, but thU 
should be varied to suit local conditions, such as drainage, 
the elimination of grade crossings, classification of ma- 
terials, etc. The maximum gradients, the rate of compen- 
sation for curvature, etc., will be made to suit the specified 
conditions. The compensation for curvature will be al- 
lowed for on the preliminary profile by dropping the grade 
line on maximum gradients at each deflection point. Grade 
intersection elevations and rates of grade will be given to 
the nearest 0.01 foot. 

Approximate Estimates. — Eapid estimates of earthwork 
quantities may be made direct from the profile either 
by reference to a table of level sections, or preferably by 
means of an earthwork scale. Estimates made in this way 
from the profile of a careful preliminary survey, often do 
not vary more than five per cent from the final construction 
quantities. 
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Iiocatioii Hap. — The location map may be traced from 
the preliminary map and should include the topography 
and such details as usually appear in the final record map 
of the located line. Contour lines may be traced in cad- 
mium yellow to insure satisfactory blue printing. 

Location Profile.— The location profile should be exe- 
cuted according to the standard specinien, and should in- 
clude estimates of earthwork as determined from the ac- 
tual cross-section notes, and quantities of other construc- 
tion materials. Curvature compensation will be shown on 
the location profile by reduced maximum gradients. Verti- 
cal curves will be calculated at a rate of change not to ex- 
ceed 0.05 foot per station, except at summits where it may 
be 0.10 foot or more perstation. It should be prepared as 
the final record profile. Approximat« profiles of projected 
lines, determined from the contour map, with rough esti- 
mates of quantities will also be prepared, as specified. 

OfSce Copies of ITotes. — The complete level and transit 
nof«a, and topography notes as assigned, must be copied 
in the individual books by each student. These copies will 
be in pencil (or ink if so specified) and will be executed in 
a faithful and draftsmanlike manner according to the de- 
partment standards of lettering, etc. 

Estimates of Quantities.— The cross-section notes will 
be copied and the quantities of excavation and embankment 
calculated, as assigned. The cross-sectional areas will be 
calculated arithmetically and checked, especially on rough 
ground, by means of planimeter. The quantities will be 
calculated by average end areas, by tables, and by diagrams, 
so as to ailord ample practice for the student in all the cur- 
rent methods. The estimate will also include all the other 
materials of construction. 

EBtlmate of Oost — Each student will make a detailed 
summary of the quantities, fix prices, and estimate the 
probable total cost of the work, or of the assigned section. 
The prescribed form will be followed. The prices should 
be based on local conditions as far as possible. 

Constmctlon Estimates. — Monthly estimates, estimates 
of haul, borrow pit estimates, classification, prismoidal and 
curvature corrections, progress profile, vouchers, force ac- 
count, etc., and final estimate will be prepared by each 
student in accordance with prescribed forms and standards. 

Bight of War Becorda.— Each student wilt be assigned 
a share of work in the preparation of right of way deeds 
and record maps. The following forms (from the "Engi- 
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neering Rules and InBtructlons," Northern Pacific R. R.) 
will be used as models in preparing right of way descrip- 

(Through goTernment subdivisions) : "A strip, piece or 
parcel of laud one hundred feet in width, situated in the 
northwest quarter of the northwest quarter of section ten, 
in township two north, range one west (S. 10, T. 2 N., R. 
1 W.), Madison county, Montana, and having for its bound- 
aries two lines that are parallel with and equidistant from 
the center .line of the railroad of the Railway Com- 
pany, as the same is now located ( and constructed ) . For a 
more particular description, reference may be had to the 
plat drawn upon and made a part of this deed." 

(Lots in platted tracts) : "Lot seven (7), block sis (8), 
in Smith's addition to Helena, Lewis and Clark county, 
Montana, according to the recorded plat thereof." 

CaOSS-SECTIONINa party.— it is the duty of the 
crosa-sectioning party to set slope stakes for the proposed 
roadbed and to secure data for the calculation of earth- 
work quantities. The data should first be transcribed from 
the location IcTel notes and profile into the cross-section 
book, including station numbers, surface and grade eleva- 
tions, rates of grade, bench mark record, etc. In order to 
avoid confusion in relation to directions right and left, the 
station numbers should run up the page, and plenty of 
space left for pluses in the notes, especially on rough 
ground. As shown in the form, the left hand page should 
be used for data and the other for the cross-section notes. 

The organization and equipment of the, cross-sectioning 
party when using the engineers' level is: (1) recorder 
(note book), (3) leveler (engineer's level), (3) rodraan 
(self-reading leveling rod, 50-foot tape), (4) axemen (axe, 
sack of fiat stakes, marking keel). The usual routine is: 
(1) Determine height of instrument by back sight on iden- 
tified bench or turning point, (When a bench mark is t"- 
mote and an original turning point can not be found, it may 
suffice in an emergency to cheek on the ground at several 
stations to the nearest 0.1 foot and use the mean height of 
'instrument. Such places should be verified later,) (2) 
Having the height of instrument, check the original eleva- 
tion of the station about to be cross-sectioned, reading the 
rod and checking off the elevation if it does not differ more 
than 0.1 foot or so ; in case of a new plus, take a rod read- 
ing and record the elevation. (3) Determine the "grade 
rod" for the station by subtracting the height of instru- 
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ment from the grade elevation ; then note that cut or fill at 
any poiot of the cross-section is equal to surface rod minus 
grade rod (counting rods as minus when downward from 
the plane of the level dnd those upward as plus, this rule 
gives resulta always plus for cut and minus for fill, which 
agrees with the conception that cross-section notes are 
rectangular coordinates of the sectional area referred to 
the center of the Aniehed roadbed as an origin) . (4) If the 
ground Is level transversely, that is, does not vary more 
than 0.1 foot or so within the limits of the proposed grad- 
ing, then the distance from the center out to each side 
slope stake is half width of roadbed plus center cut or fill 
times rate of side slope; (thus for 20-foot roadbed, side 
slopes I to 1, and a cut of 13.6 feet, the distance out to slope 
stake on a level section would be 28.6 feet, or with a slope 
of l\^ to 1, the distance out would be 10 plus 1^ times 18.6, 
or 37.9 feet. Calculations of this sort should be done men- 
tally in an instant). (5) On three-level ground estimate 
the rise or fall of the surface from the center to about 
where the side slope stake should come, and add the same 
to, or subtract it from the center cut or fill, as the case 
may be ; compute the distance out to the point where the 
side slope line would pierce the ground surface and test 
the same with tape, rod and level by the foregoing rule for 
cut ox, fill ; continue to construct points on the side elope 
line until the common point is found. (6) The axeman 
marks " S. S." (slope stake) on one side of the stake with 
the cut or fill to the nearest 0.1 foot (as C 6.8 or F 10.2) 
and the station number on the other side ; the stake ia 
driven slanting towards or away from the center line ac- 
cording aa it is cut or fill. (7) On five-level ground or. In 
general, on ground involving any number of points or 
angles in the section, the cut or fill Is taken at each break. 
(8) Should there appear to be danger of land slips, the 
cross-sectioning should be carried well beyond the limits 
of the slope stake points. (9) The cross-section notes are 
recorded as in the accompanying form, expressing the co- 
ordinates of each point in the form of a fraction, and dis- 
tinguishing the slope stake points bj enclosure in a circle. 
(10) Having completed the cross-sectioning at the station, 
the same program is followed at the next point, first check- 
ing the elevation obtained in the original location levels; 
the grade rod should be determined as before by subtract- 
ing the height of instrument from the grade elevation, and 
then checked by applying to the preceding grade rod the 
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rise or fall of grade from the preceding point. (11) 
Cross-sections should be taken as a general rule at every 
station and at such intermediate points as will insure a 
reliable measurement of the earthwork quantitieB. It is 
not necessarily the lowest and highest points that are re- 
quired, but those points which, when joined by straight 
lines, will gWe the contents as nearly as possible equal to 
the true 'olume ; if the " average end areas " method is to 
be used in calculating the quantities, sections should be 
taken every 50 feet when the difference of center height is 
as much as 5 feet; as a rule, slope stakes need not be set 
at cross-seclions taken between stations. (13) "Grade 
point " stakes (marked 0.0) , should be set where the center 
line and each edge of the roadbed pierce the ground; and 
also in side-hill sections in both cut and fill, where the road- 
bed plane cuts the ground line; If the width of road- 
bed Is different in cut and fill, the greater half-width ia 
commonly used in locating the side grade point ; in the 
simplest case a contour line is perpendicular to the center 
line and the three grade points are at the same cross-sec- 
tion, forming two ^vedges ; in the more usual case the con- 
tour line is diagonal, and the three grade points are not 
in the same section, so that two pyramids are formed; 
if the station numbers of the two side grade points differ 
by only a few feet, it ia usual to simplify the record by 
taking the notes as for a wedge at the station number of 
the center grade point, although the side grade point stakes 
are set in their true positions; as a rule, a complete cross- 
section is taken at each grade point. (13) In cross-section- 
ing for the end of an embankment at a wooden trestle the 
end slope is made the same as the side slope, and the end 
and side planes are joined by conical quadrants; the dis- 
tance between "heads of dump" (H. D.) is usually 10 feet 
(S feet at each end) less than the total length of stringers; 
a complete cross-section is taken at the " head of dump," 
and the " toe of dump " (T. D.) on each edge of the end 
slope is located and recorded ; on level grround the volume 
of the wedge-like solid so formed is found by dividing it 
into a triangular prism and two right conical quadrants ; 
on ground sloping transversely the end of dump is made up 
of a middle prismoid and two conical .quadrants, each of 
the latter being generated by a variable triangle revolved 
about a vertical axis through a corner of the top roadbed 
plane at " head of dump." 

The calculations in the foregoing method of cross-section- 
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ing' may be simplified by preparing a table of distances out 
for the Gtandard roadbed widths and slopes, or by using a 
special tape having the zero graduation at a diGtance from 
the end equal to the half-width of roadbed, and the re- 
maining graduations modified to suit the side slope ratio. 
The calculations may be further simplified by using a spe- 
cial rod having an endless sliding tape graduation. The 
student will be given practice with these labor saving 
devices after he has first acquired familiarity with the 
principles of cross-sectioning without these aids. 

Cross-sectioning with rods alone is done in much the 
same manner as that described above. Two rods are used. 
The usual length of the rods is ten feet, and each is gradu- 
ated to tenths and has a bubble vial in one or both ends. 
The slope stake point is determined by leveling out from 
the ground at the center stake with reference to the center 
cut or fill, each rod being held alternately level and plumb. 
Other points in the cross-section, as well as grade points, 
etc., are determined in tfie same manner. The notes are 
kept as in the other method. On very rough ground, the 
rod method is usually the more rapid. Some engineers 
cross-section on rough ground by taking the elevation of 
each point and plotting the notes on cross-section paper, 
then using the ptanimeter to determine the areas. Borrow 
pits are often cross-sectioned by taking elevations at the 
intersections of two series of parallel lines forming squares. 

Land-Line Party. — It is the duty of the right of way 
party to secure data for the preparation of right of way 
deeds. The party should consist of at least four: (1) re- 
corder, (2) transitman, (3) head chainman, (4) rear chain- 
man, (the chainmen also'to serve as axemen and fiagmen 
as required). Their equipment is the usual one of a transit 
party for such work. The party should secure ties with 
all section and other land lines whenever crossed. The 
notes should show station numbers and angles of intersec- 
tion and distance along land line to the nearest identified 
land corner and also to important fences. As a rule, make 
the intersection by running through from one corner to the 
other. Where the line passes through a town, tie the cen- 
ter line to the plats, block lines, monuments, etc. Secure 
any records and make tracings of any plats, etc., at the 
recorder's oiiice, that may be of service in preparing deeds. 

Bridge and Uaaonry Party.— The bridge and masonry 
survey party will determine drainage areas for culverts and 
other waterways, prospect for foundations, and stake out 



208 RAILROAD SURVEYING. 

trestles, masonry work, etc. The visual organization will 
be four men-. (1) recorder (in charge), (3) transitman or 
leveler, (3) chainman. rodman, flagman, etc., (4) chainman, 
axeman, flagman, etc., as the work assigned may demand. 
Besurvey Party.^The reaursey party will be assigned 
to such duties as the resurvey of yards, the collection of 
data for crossings frogs, running centers on old track, in- 
cluding spiraling, etc. It will usually be a party of four. 

PROBLEMS IN RAILROAD SURVETINQ. 
PROBLEM Gl. ADJUSTMENTS OF LEVEL AND TRANSIT. 

(a) Equipment. — Engineers' level and transit, adjusting 
pin. 

(b) Pro Blem.— Test the essential adjustmenta of the as- 
signed instruments and correct any discrepancies found. 

(c) Methods. — This problem is designed to freshen the 
student's knowledge of the adjustments of the instruments, 
as well as to place the equipment in condition for accurate 
work. The adjustments will be made under the personal 
direction of the instructor. The student should attempt to 
be speedy as well as accurate in testing and making the 
adjustments. 

PROBLEM OS. USE OP FIELD EQUIPMENT. 

(a) Equipment. — Complete equipment for railroad transit ' 
and level party, as specifled in foregoing pages, 

(b) Pro & (em .—Practice the detailed duties of each posi- 
tion In the transit and level party. 

(c) Methods. — This problem is designed as a " breakin^f 
in " eicerciae preparatory to engaging in the regular field 
work of railroad location. With the manual in hand the 
duties of each position will be studied and practiced in 

For example, each student will go through the following 
exercise with the transit as briskly as possible; (1) set 
transit over tack in hub, (2) level up, (3) set plate to zero, 
(4) reverse telescope and sight on back flag, (5) release 
needle. (6) plunge telescope, (7) read and record needle on 
back line prolonged, t8) sight at front flag pole, (fl) read 
and record deflection angle right or left, (10) read and 
record needle on front line, (11) lift needle, (12) plunge 
telescope and check on back flag, (13) calculate needle 



ang'le and compare with plate reading, and if checked, 
shoulder transit; now repeat entire process at the same 
hub, more briskly than at Qrat, if practicable, avoiding ref' 
erence to preceding' record until the full Bcries of steps la 
completed. 
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Let the student prepare a similar numbered program for 
each of the other positions and practice the same systemat- 
ically. This series of exercises may profitably occupy two 
or more assignments, since the speed and quality of the 
actual surveys to follow are certain to be much enhanced. 
15 
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PROBLEM Q3. 

(a) Equipment. — Transit party equipment, b3 prescribed 
in instructions. 

(b) Problem.— Rvn out the assigned practice curves ia 
the field, with the prescribed organization and conditions. 

(c) Methods. — The preliminary curve practice ia designed 
to give the student a practical knowledge of the principles 
or railroad curves and the routine methods used in location 
surveys. The several positions jn the field party will be 
filled in succession, and each student is expected to respond 
heartily to the spirit of the practice, whatever hia assigned 
duties. Each member of the party should engage in the . 
calculations as far as practicable. The report of the field 
work should state the precision of linear and angular • 
checks. The field practice will be based in part on ths 
indoor curve problems. 

PROBLEM 04. CURVE PROBLEMS. 

(a) Egiitpment. — Drafting instruments, paper, etc. 

(b) Problem. — Solve the assigned problems in railroad 
curves and submit reaulta iu a neat and draftamanlike 

(c) Methods. — (1) Draw a plain figure to the largest con- 
venient scale. (S) State problem and present data in a 
concise and systematic manner. (3) Show the separate 
steps clearly; first state formulas in general terms, then 
Bubatitute valuea and give reaults ; as a rule, show actual 
calculations adjacent to the Indicated work ; habitually 
verify results by an independent process ; uae common sense 
checks and contracted methods of calculation ; in general, 
make full use of the opportunity to gain skill aa a com- 
puter. (As a rule, the neatest 0.1 foot only is required in 
field measurements on curve location, but it is excellent 
practice, especially for the beginner, to preserve the nearest 
0.01 foot in the calculations.) 
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CHAfTEB IX. 
EBBOBS OF 8UBVETINO. 

EtMrtU — Errors of obserrfttions are of three kinds, viz., 
(1) mistakes; (S) systematic errors; (3) accidental errors. 
Systematic errors include alt errors for which corrections 
can be made, as erroneous length of standard, errors of 
adjustment, refraction, etc. Accidental errors are those 
' which still remain after mistakes and systematic errors 
have been eliminated from the results. 

It has tieen found from experience that accidental errors 
are not distributed at random but follow mathematical 
laws. These laws are fundamental in the Theory of Least 
Squares and are: (1) small errors are more frequent than 
large ones; (2) positive and negative errors are equally 
numerous; (3) very large errors do not occur. 

Arithmetical Mean. — The most probable value of a quan- 
tity obtained by direct measurements is the arithmetical 
mean of all the determinations where the observations are 
of equal weight, or is the weighted mean where the obser- 
vations are of unequal weight. 

Precision of ObBervations. — In the adjustment of obser- 
vations it is often necessary to combine results of dllTerent 
degrees of precision or weight. It is also desirable to have 
some means of comparing observations so that the com- 
puter may know what degree of confidence to place in the 
resulte. The quantity CMjmmonly used for comparing the 
precision of observations is the probable error. 

Probable Error. — The protisble error is such a quantity 
that it is an even wager that the number of errors greater 
is the same as the number of errors less than the probable 
error. It is also the limit within which the probability is 
one-half that the truth will fall. For example, if 4.63± 
O.IS is the mean of a number of observations, the true value 
is as likely to be between 4.51 and 4.TS as it is to l>e some 
value greater or less. 

Probable error is also useful in finding the relative 

weights that should be given dilTerent sets of observations, 

as it has been found that the weights of observations *ary 

inversely as the squares of their probable errors. 
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FormulaB: 

Let El ^probable e 
£_ ^ probable e 

n^the number of observations. 

d ^ tbe difference between anj observation and tlie 
mean of all the observations. 

S^ symbol signifying sum of. 
Then from tbe Tbeoty of Least Squares 



.El = 0.6746 y^ 



— "■"™-\™(«-l) 

■r of the weighted or general mean Is 



0.6745 a, 



where 2 p = summation of the weights. 

The probable error of a quantity with a weight p ia eqi 
to E„ divided by the square root of p. 

The probable error of Z, where Z^», ±«i, and ff,, 
and r, are the probable errors of Z, Z, and Z^, respective 





-R.'=n' + r.' 


The probable en 


for of Z, where Z:=a. z 




ii,» = a'r' 


The probable en 


•or of Z, where Z^z^.z, 



This would be tbe probable error of the area of a rect- 
angle where r, and r, are the probable errors of the sides 2, 
and 2i, respectively. 

Example. — As an example of the application of these 
formulas consider the two following series of measurements 
of an angle given in Table 1. The first set was taken with 
a transit reading to 10 seconds, the second with a transit 
reading to 30 seconds. 



PKOBABLE EREOH. 
TABLE I 
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10 


80 
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10 


65 45 





81 


Mean S4° W 33" 


Id* = 3610 


Mean 34'" 55' 36" 


Zd'=7740 


E^ = 


= 0.e,45,^ = ...3 


S.= 


"■^V^."*-- 



The weighta of these mean values vary inversely aa the 
squares of the probable errors, or in this case the weights 

are as — ^ to ^^ or as 12 to 5, The most probable value 
of the B,ngle measured with the two transits will be the 
weighted mean. 

3X12^ + 36X5^ 



^=- 34*65' + - 



17 



= 34° 55' 33^.9 
The probable error of this result from (5) since 

■n.'={H)'V + (A)'V 

Substituting r,'=:i^r,'we hare 

-B.'=W)'r,'+(iV)"(Wi» 

A = ±4.'^VH = ±*'.«. 



I , Google 



214 EBBORS IN SURVEYING. 

For other examples in the use of probable error see prob- 
able error of measuring a base line, probable error of set- 
tiny a level target, probable error of setting a flag pole. 

Angle Heasurement. — The measurement of aD angle re- 
quires two pointings and two readings. If rr and r, are the 
probable errors of reading and pointing, respectively; the 
probable error of the measurement o( an angle will from 
(6) be 

R,= Vrr' + r.' 

I( r^ is the probable error of a single reading 
rr = r, V~2 

It the value of an angle it 
nrements the probable erro 

If the value of an angle is determined by measuring the 
angle n times by repetition the probable error due to read- 
ing will be 



It will thus be seen that the probable error due to reading 
Is very much reduced by measuring an angle by the method 
of repetition- The errors of pointing, etc., however, make 
It doubtful whether it is ever advantageous to make n ex- 
ceed 5 or 6 with an engineers' transit. 

Angle Adjustment— When the three angles of a triangle 
have been measured with equal care they should be adjusted 
by applying one-third of the error as a correction to each 

W^en the interior angles of a polygon having n sides 
hare been measured with equal care they should be adjuste 1 
by applying one-nth of the error as a correction to each 
angle. 

When n — 1 angles and their sum angle at a point have 
been measured with equal care they should be adjusted by 
applying one-nth. part of the error as a correction to each 

In a quadrilateral the true values of the angles fulfil the 
following geometrical conditions r (1) the sum of the angles 
of each triangle is equal to 180° plus the spherical excess 
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(the Bpherical excess in seconds ot arc is equal approxi- 
mately to the area in square miles divided by TS) ; (Z) the 
computed length of any side when obtained from any othec 
side througb two independent sets of triangles is the same 
in both cases. 

Wlien the angles of a quadrilateral have been measured, 
errors are certain to be present and the corrections that 
satisfy one of these conditions will not satisfy the other. 
The most probable values of the corrections to the angles 
are then determined by the Theory of Least Squares. 

TESTS OF PRECISION. 

Practical TestB.— In careful surveying where blunders 
are eliminated and the systematic and accidental errors are 
small and under control, it is found that the magnitude of 
the errors increases in close accord with the foregfoing 
rational basis, that is, as the square root of the number of 
observationa. The following practical tests of precision are 
based on this truth. 

Iilnear Errora.^Cumulative or systematic errors usually 
increase directly as the length of the line chained, while 
compensating or accidental errors vary about as the square 
root of the length. While both kinds of errors affect all 
linear measurements, the former chiefly control the results 
of crude and the latter of accurate chaining. It is thus 
fairly consistent to express the precision of chaining in 
crude work in terms ot the simple ratio of the length ; but 
as the chaining becomes more and more exact, the varia- 
tion of the differences between duplicate measurements 
approximates more and more closely to the lavr of square 

Coefficients of precision derived from the latter relation 
may be based on either 100-foot units or foot units In the 
distance chained, as preferred. The former basis is used in 
the chaining diagram while the latter Is found in the last 
paragraph of the explanatory matter on the second page 
referring to the precision of traverse surveys. 

The diagram of chaining errors shows chaining ratios by 
right lines radiating from the origin, and the law of square 
roots by means of parabolas. The coetHcient of precision 
for a given observed difference between duplicate chain ings 
is determined by inspection from the diagram, interpolatr 
ing between curves if an additional decimal place is desired 
in the result. In actual practice a pair of careful chain- - 
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men may determine the coeHicient corresponding to a gl7en 
degree of oare, and then nse this value either in testing 
their duplicate results, or In estimating the probable uncer- 
tainty of the lengths chained. 

For accurate chaining with the steel tape, duplicate 
measurements reduced for temperature, etc., or made under 
sensibly identical conditions, should not differ more than 
0.05 foot into the square root oi the distance in 100-foot 
units. Careful work with the common chain (estimating 
fractions to 0,1 foot) should not differ more than 0.1 foot 
into the square root of the distance in 100-foot units. 

Angular Errors. — In measuring deflection angles by alti- 
tude reversals, as in railroad traversing, there is, of course 
a cumulative discrepancy due to the coUimation error, but 
generally speaking, careful angular measurements with 
good instruments are subject only to compensating or ac- 
cidental errors. Under the latter conditions the magnitude 
of the error of closure in a series of angles, either in a 
closed polygon or about a point, varies about as the square 
root of the number of angles. This relation is indicated 
graphically In the diagram of angular errors. 

In measuring angles with a transit reading to the nearest 
minute, the compensating uncertainty of a single reading is 
probably somewhat under 0.5 minute per angle, or about 
one minute for the closure of a triangle. If a reading glass 
be used and the vernier reads to the nearest half minute, 
the uncertainty is still further reduced. 

Again, in estimating the needle reading of a compass to 
the nearest 5 minutes (one-sixth part of a half-degree), the 
uncertainty of reading alone is perhaps 3 minutes, although 
this is increased by other conditions such as sluggishness 
of needle, etc., probably causing an uncertainty of as much 
as 5 minutes per angle, which later limit would produce an 
error of closure of a triangle of say 10 minutes, and of a 
five-sided polygon of perhaps the same amount. (See dia- 
gram.) 

Travereisg Errors. — The errors of traversing are made 
up of the combined errors of linear and angular measure- 
ments. If the error of closure as determined from the lati- 
tudes and departures is large, the work should be scanned 
closely to detect blunders such as the substitution of sine 
for cosine, errors of 100 feet in chaining, misplacing deci- 
mal point, etc. After establishing the consistency of the 
residual errors, they should be distributed either in propor- 
tion to the lengths of the several courses, as in the more 
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THE PREClSrON OF CHAINING. 
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THE PRECISION OF ANGULAR MEASUREMENTS. 
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THE PRECISION OF TRAVERSE SURVEYS. 
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THE PRECISION OF LEVEL CIRCUITS. 
(For Good Average Practice.) 
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THE PRECrSION OF LEVEL CIRCUtTS.. 
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common naage, or in the proportion of the respective lati- 
tudes and departures, as would seem to be more conaistent. 
If the several courses Iiave not been surveyed with like ~ 
precision, weights should be assigned in distributing the 
errors. Absurd refinement should be avoided in making 
the distribution of errors. 

IiSTelin; Errors. — Perhaps in no phase of surveying 
measurements is it more clearly established that accidental 
errors follow the law of square roots than in careful level- 
ing. The precision diagrams are based on best current 
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CHAPTEB. X. 
METHODS OF COMPUTING. 



Introduction. — To no one is the ability to mak« calcula- 
tions accurately and rapidly of more value tlian to the engi- 
neer. Many fail to appreciate tlie value of rapid methods 
of calculation, and have n<h conception of the amount of 
time tiiat can l>e saved by the akiltful use of arithmetic, 
logsritbros, reclconing' tables and computing machines. 

In the field the engineer has to depend upon the ordinary 
methods of arithmetic, or a table of logarithms for his 
results. The use of these aids should therefore receive 
special attention, for the engineer cannot afford to lose the 
time of his assistants wiiile be makes unnecessary or ex- 
tended computations. 

In the oiGce tables of squares, reckoning tables, slide 
rules and computing machines can be used in many cases 
with profit. 

Coulstent Aconrac;. — It is safe to say that at least one- 
third of the time expended in making computations ia 
wasted in trying to attain a higher degree of precision than 
the nature of the work requires. 

In making arithmetical computations where decimals are 
involved it is a common practice to carry the result out to 
its farthest limit and then drop a few figures at random. 

In using logarithms time and lalmr are lost by using 
tables that are more extensive than the data will warrant. 
The relative amount of work in using four, five, sis and 
seven-place tables is about as 1, 2, 3 and 4. Besides the 
extra labor involved, the computer has a result that is 
liable to give him an erroneous idea of the accuracy of his 

In making computations, in general, calculate the result 
to one more place than it is desired to retain. 

If several numbers are multiplied or divided, a given 
percentage of error in any one of them will produce the 
same percentage of error in the result. 
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In taking the mean of a series of quantities It la consist- 
ent to retain one more place than is retained in the quan- 
tities themselves. 

In direct multiplication or diTision retain tour places of 
significant figures in every factor for an accuracy of about 
one per cent ; retain five places of significant figures in 
every factor for an accuracy of al>out one-tenth of one per 

LOGARITHMIC CALCULATIONS. 

Logarithm. Tabl«a. — Logarithm tables contain the deci- 
mal part of the logarithm called the mantissa, the Integral 
part called the chara^^teristic i^ supplied by the computer. 

Four-place tables give the mantissa to four decimal 
places of numbers from 1 to 999, and by interpolation give 
the mantissa of numbers from 1 to 9,999. Pour-place log- 
arithms should be used where four significant figures are 
sufficient, and should not be used where an accuracy 
greater than one-half of one i»er cent is required. 

Pive-place tables give the mantissa to five decimal places 
of numbers from 1 to 9,999, and by interpolation give the 
mantissa of numbers from 1 to 99,999. Five-place loga- 
rithms should be used where five significant figures are 
sufficient, and should not be used where an accuracy greater 
than one-twentieth of one per cent is required. Five-place 
tables are sufficiently accurate for most engineering work. 

Six-place tables give the mantissa to six decimal places 
of numbers from 1 to 9,999, and by interpolation give the 
mantissa of numbers from 1 to 99,999, the same as the five- 
place tables. Six-place tables give practically no gain in 
precision over five-place tables since the same numbers of 
significant figures are given in both tables, and in addition 
the labor of using a six- instead of a five-place table is 
about as 3 to 2, due to interpolation with larger diifer- 
ences. For the above reasons five-place tables have been 
selected for use in this book as being the most suitable 
tables for use in surveying. 

Seven-place tables give the mantissa to seven decimal 
places of numl^ers from I to 99,999, and by interpolation 
of numbers from 1 to 999,999. Seven place tables are 
rarely needed in engineering work, except in triangulatioo 
work where the angles are measured by repetition. 
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AEITHMFnCAL CALCULATIONS. 
Ileqiilr«mentfl To become a rapid computer the follow- 
ing requirements are essential : 

(1) A good memory for retaining certain tptandard num- 
bers for reference. 

(2) The power of performing the ordinary' simple arith- 
metical operations of multiplication, division, etc., on num- 
bers with facility, quickness and accuracy. 

(3) The power of registration, i, e., of keeping a string 
of numbers in the mind and working accurately npon them. 

(4) The power of devising instantly the best method of 
performing a complicated problem aa regards facility, 
quickness and certainty. 

It is obvious that all do not have the ability to become 
rapid computers, but even these can become fairly skillful 
by constant practice and perseverance. The ordinary pro- 
cesses of arithmetic should be performed with numbers in 
all possible positions. No more figures should be put down 
than necessary, and all operations should be performed 
mentally whenever possible. In the mental part the results 
should alone be stated, much time being lost by repeating 
each separate figure. 

Checks. — In order to check his work the computer should 
keep the following well known properties of numbers well 
fixed in his mind: 

(1). The sum or difference of two even or ot two odd 
numbers is even. 

(3) The sum or difference of an even and odd number is 
odd. 

(3) The product of two even numbers is even. 

(4) The product of two odd numbers is odd, 

(5) The product of an even number and an odd number 
Is even. 

(6) Checking results by the familiar operation of cast- 
ing out the 9'b depends upon the following properties of 
numbers '■ 

(a) A number divided by 9 leaves the same remainder 
as the sum of the digits divided by 9. For example : 

4384 -<-9=: 487 -|- 1 

(4 -1-3 -1-8 -I- 4)-!- 9 = 2 -1-1 

(&) The excess of 9's in the product equals the excess of 
9'8 in the product of the excesses of the factors. 
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473,295 Excess^ 3 

4,S35 Excess = 5 

19 Excess = 81 

3,004,404,335 Excess = g j-cneck 

(c) Ttie excess of 9'3 tu the dividend equals the exceM 
of 9's in the product of the excesses in the divisor and quo- 
tient, plus the excess in the remainder : 

96)3443 Excess in divisor ^3 

43 + 35 Excess in quotient ^7 

Excess in remainder 

Excess in (2X7 + 

Excess in dividend 



^"=1} 



Chech 



(7) BesuHs should be checked by. taking aliquot parts 
wherever possible, and by performing the operations in 
inverse order or performinK inverse operations. Computa- 
tions performed by means of logarithms should be checked 
by making the computations roughly by means of arith- 
metic. The probability of error skould be recognized and 
precaution taken to verify results. 

ADDITION. — Since the eye is accustomed to pass from 
left to right time can be saved, where the columns are not 
too long, by adding in tJie same way. The device of in- 
creasing or diminishing the numbers to make them mul- 
tiples of ten and then subtracting or adding to the result 
is very convenient, especially where several columns are 
added at one time. 

Ex. J.— 96 

47 143 
S13 69 



The mental work in detail is as follows ; 
100 + 47 = 147; 147 — 4 = 143; 143 + 70 = 313; 313 — 1 = 
213; 212 + 30 + 90 = 332; 333 — 1 = 331; 331+50 = 381; 
381 — 1 = 380. 

Expert accountants use the method of adding columns 
in groups of 10, 30, 30, etc., small figures, indicating the 
number of the group, being placed along the column at in- 
tervals depending upon the computer. This method is well 
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adapted to the addition of long columns where one ie liable 
to be called away from hia work. The progress ot the 
work l)eing then shown by the number ol the group, plus 
the excesa. 

HTJLTIPLICATION.— In order to make the best use of 
the methods given, the computer should have perfect com- 
mand of the mnltiplication table as far as 20 at least. 

(1) When the t«u8 differ by unity and the sum of the 
units equals 10, numbers may be multiplied by the follow- 
ing rule : From the squares of the tens of the larger number 
subtract the square of the units of the larger number. 
For the numbers may be represented by (a + 6)' an<i 
(o — b), and the product will be (a + b)(a — B)=:o' — 6'. 

B*. i.— (93 X 87)= SO* — 3'= 8,100 — 9 = 8,091. 

(3) The product of composlt« numbers is best obtained 
mentally by resolving them into their factors and taking 
the products of the factors. . . 

Ex. 2.— 26 X 36 = 9 X 13X 8 = 836. 

Ex. S.— 48 X 3* =(34)' X 2 = 1,153. 

Holtiples of 10.— To multiply by some number which is 
a factor of 10 or some multiple of 10, for example: Multi- 
ply 
A bj B,whereB=~^ 

Annex n ciphers to i, multiply by G and divide by d. 

JJa-. J.— 4,334 X629 = *,334 ^^ .ll - ={4,324,000 X 5)-(- 8 
= 2,703,600. 

E». 8.-7,924 X 25 = 792,400 -i- 4 = 198,100. 

Squaring Small Numbers. — Numbers may be squared 
mentally by the following rule : Add to or subtriict from 
oiie factor enough to make its units figure zero. Subtract 
from or add to the other factor tne same amount. Multiply 
together this sum and difference, and to the product add 
the square of the amount by whicb the factors were in- 
creased or diminished. 

Proof.—- W— b*=(a + 6) (it— 6) 

a'=(ffl + 6)(a-6)+6'. 

Ex. 1.— (76)* = (72X80J + 4' = S,7T6. 
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Bm. t.r~ (137)'={ia4X130)+3»=16,129. 

B». 3.- {614)' = (6 X 6H) + {M)'= 39^ 

Bar. i.- (6^)'=(6X') + (ii)' = <2y4. 

B*. S.— (7.5)' = (7X8) + (-5)' = 56.25. 

It will be seen that the process la very simple where the 
units place is 5. 

(2) Having the square of any number the square of the 
number next higher is obtained by the following rule : To 
the known square add the number and the next higher and 
the result will be the square of the next higher number. 

E», 6,— ."(2S)'=625, (26)' = 625 + 25 + 26 = 676. 

(3) A very close approximation to the square of a quan- 
tity which is very near unity is obtained by adding algebra- 
ically tvpo times the difference between the quantity and 
unity to the quantity. 

Proo/.— (1± 6)'= 1 + 26 + 6'= 1± 26, (approximate). 

Ex. 7.— (1.05)'=1 + 2(1.05 — 1)=1+ 10 = 110. 

Ex. 5.— {.94)'=1 — 2(1 — .94)=1 — .12= 88. 

Ex. 9.— (2.034)'= 2'(1 + 2 X .017) = 4(1.034)= 4.136, 

Cross-Hnltiplication.— This consists In taking the prod- 
uct of each digit in the multiplicand by each digit in the 
multiplier and taking the sums, products of the same de- 
nomination being determined thus : units X units gives 
units ; t«ns X units and units X tens gives tens ; units X 
hundreds, tens X tens and hundreds X units give hundreds 
etc. All products are added mentally, only the final result 
k>eing put down. 

Ex. i.— (2,3*7)'= 5,508,409 the final result being all that 
it is necessary to write down. The mental work la as 
follows, the figures in heavy type being figures in the prod- 
uct; 7 X 7 = 49; 4 + 2(7 X 4) =60; 6 + 3(7X3)+4' = 
64; 6 + 2(2 X 7) + 2(3 X4)=58; 5 + 2(2 X 4) + 3" = 30! 
3 + 3(3X2)= 15; 1 +2'= 6. 

Ex. 2. — The product of any two numbers may be found 
in the same manner. 

9,432 

2,5S3 

24^62,BSe 
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The mental work is aa follows :3X3 = 6;3X3 + BX2 
= 36; 3 + 3X4 + 8X3 + 5X2 = 48; 4+3X9 + 8X4 
+ 6X3 + 2X2 = 82; 8 + 8X9 + 5X4 + 2X3 = 106; 
10 + 5X9 + 3X4 = 63; 6 + 3X9 = 24. 

Es^t S. — The process of cross-multiplication may be sim- 
plifled as follows : Required to multiply 4,328 by 736 ; write 
the multiplier on a slip of paper in inverse order and place 
it below the multiplicand with the left hand figure below 
the unita place of the multiplicand' thus : 

4,328 



Multiply together the figures In the same rcrtical colupin 
6 X8 = 48; set down the 8 and carry the 4; then move the 
slip one space to the left thus : 



I'm! 



Multiplying together the figures in the same vertical col- 
umns and tailing the sum, 4 + 6X3 + 3X8 = 40; set 
down the and carry tlie 4 ; then move the slip one space 
to the left, multiplying together the figures in the same 
vertical columns, adding, etc., we will finally have the work 
standing thus: 

4,328 
r637l 



Removing the slip we have 



3,185,408 

The multiplier may be written on the bottom of a sheet 
in inverse order and placed above the multiplicand instead 
aa above described. The work, however, is very much 
simplified by simply writing the multiplier in inverse order 
without using the slip ; 

4,338 
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The mental work being as follows : 6X8^48; 4 + 6X 
3 + 3X8 = 40; 4 + 6X3 + 2X3 + 7X8=84; S + 8X 
4+3X3+7X2 = S6;5 + 3X4 + 7 X 3=38; 3 + 7x4 
:=31. It wiU be seen that this device removes most of the 
mental strain, there being no cross-products. 

CONTBACTEB HULTIPLICATIOir.— In multiplying 
decimals, when the product is required to a few places of 
decimals, the work may be shortened as follows : Required 
a product correct to the ntft decimal place., Write the multi- 
plier with its figures in reverse order. Its unita place under 
the nth decimal place of the multiplicand. Multiply the 
multiplicand by the lig^res in the multiplier, beginning 
with the right hand figure; rejecting those figures in the 
multiplicand which are to the right of the figure used as a 
multiplier, increasing each product by as many units as 
would have been carried from the rejected part of the mul- 
tiplicand, taking the nearest unit in each case ; place the 
right hand figure of each partial product in the same col- 
umn, and add as in common multiplication. 

In most cases it Is best to compute one more place than 
required. The following examples illustrate the process f 

Ba-. J.— The radius of a circle Is 420.17 ft. What is Its 
semicircumference to nearest 0.01 ft.? {» = 3.14159263.) 

In the work below the partial products in the contracted 
multiplication are seen to correspond to the partials of the 
common method, taken in reverse order, the part to the 
right of the vertical line being rejected. The contracted 
multiplication is carried one more place than required. A 
dot is placed above each figure when it is rejected from the 
multiplicand. 
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Ex. 2.— The observed length of a line Is 3231.63 ft. with 
a tape having a length of 100.018 ft. Required the reduced 
length of the line to the nearest O.OI ft. 




CONTKACTED DIVISION. 
Noting that each foot ol the tape = I.OOOIB ft. 



aio«M 1.0 o 01 8 

22Z1«S 1T)8S304 

39 22316S 

18 a381«s|0OO 

S2 8a.03 2a33.03|lSSS4 

Ex. 3, — Same observed length with a tape 99.983 ft. Ion 
Required the reduced length. 

Each foot of the tape = 0.99982 = ( 1 — 0.00018) ft. 



2 a 3 !.« 3 

0.tt 8 a 8 3 

440326 

1T8B304 

2008467 
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Ex. i. — To compare contracted multiplication vrith log- 
arithmic work, calculate 861.3 ft. X sin 17° 19' to the 
nearest 0.1 ft. 



8C1.3 
Ba7S3J> 


10^.861.3 =3.V3S15 
lov. Btn 1T° UK = B.4 r S r 1 


1T23 

77« 


loc (2Sa.4) =2.4D8aC 



2DS.4 

CONTBACTED DIVISION.— If the quotient is desired 
correct to the nth decimal place, the following- method may 
be used: Find one-half of the desired Sgnrea in the quotient 
in the usual way and do not bring down a. figure for the 
last remainder. Drop a figure from the right of the divisor 
and find another figure in the quotient. Then without 
bringing down any more flffures continue to discard figures 
from the divisor until the required places are obtained. 

Ex J.— Divide 443.9435 by 34.311 to nearest hundredth. 
There will be four figures in the quotient, so we will find 
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the first two in the ordinary way. A dot is placed c 
eacb figure in the divisor when it is rejected. 
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(DlTiBor Hear TTiiitr,— When the divisor is near unity a 
very close approximation is given by the method ahovfn in 
the following problems : 

Ex. i.— -——-2=5(1 — .003B54) = 5 X .996746 = *.983 73 
correct to within one nnlt In the fifth place. 

B*. 2.— -^==7(1 +C1 — .9982))= 7X1.0018 = 7.0126 
correct to the last place. 

CONTBACTED SQUABE BOOT.— A result correct to a 
required number of decimal places may be found by a 
process similar to the method employed for contracted divi- 

Ex, 1.— Required the square root of 12,598.87325 correct 
to thousandths. We see by inspection that the root will 
contain six figures. Find in the ordinary way the first 
three figures. Form a new trial divisor in the usual way, 

i3B»8i73aB(113.24B 

_1 

21>2S 
31 
333)4ft(t 
444 
324)548 
448 
100 
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. and bring' down only one flgure for the dividend in place of 
two. Find the remaining figures by contracted division. 

The last figure brought down is not increased whatever it 
may be followed by, since the contracted process tends to 
make the result a little too large. This method may be ap- , 

plied to the extraction of cube roots, where it Ba»ea much 
work in finding long trial divisors. 

BqoAr* Boot of Small NutnberB.— The approicimate 
square roots of small numbers may be found by means of 
the following rule ; Divide the ^ven number by the number 
whose square 'ia nearest the given number. The arith- 
metical mean of the quotient and dicisor will be the ap- 
proximate square root of the number. The nearer the 
number is to a perfect square the less the error. For' 
example, ^Q ( Co 

ISx. i.— y"35 =(3% -1- 6) -!- 2 = 5.93. J^J 

Ear. S.—V~=(% + 3)-i- 2 = 3.83. / /^QJ '' ^. 
Ex S.— V'~79 = (T% + »)-!- 3 = B.89. ' _.!-'-- ■• ■ 

E*. ^.— Vi38=(i%-|-ll)-!-8 = 11.3li/S '■^ /it/ 

Bqaan Boot by Subtractton,— While^ IT pSs^sea n</^''^ 
polnta of merit in this connection, it would not be'proper to 
pass the subject of square root without presenting the norel 
method of extracting square roots used with the Thomas 
Computing machine. The method depends upon the rela- 
tion existing between odd numbers and squares in the sys- 
tem of numbers having a radix ten. If we sum up the odd 
numbers, beginning at 1, we will observe the following 
relation : 

1 = 1'; 1 + 3 = 4 = 2'; 1 + 3-1- 5 = 9 = 3'; 1 + 3 + 54-7 
^16 = 4', etc. It will be seen that the square root of the 
sum In each case is the number of the group. 

The method of extracting square roots is as follows: 
Point off in periods of two figures each. Subtract from 
the left hand period the odd numbers in order, beginning 
at unity, until a remainder is obtained less than the next 
odd number. Write for the first figure in the root the 
number which represents the number of subtractions made. 
Double the root already found and annex unity. Subtract 
as before, using for subtrahends the successive odd num- 
bers, the root figure being the number of subtractions 
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Ejr. 1. — Extract the square root of 53,824. 

It . . . .... 2 mbtmctloBa. 



nblractlOB*. 



BECEOHHTO tables.— Tables for use in computing 

are so numerous and well known tbat it would be useless 
to try to refer to them by name. Two valuable tables tor 
obtaining products of numbers- — which are well known in 
Germany, but comparatively unknown in this country — are, 
" Crelle's Rechentafeln," which gives the products of num- 
Ijcrs of three significant figiires by three significant figures 
to 999 by 999 ; and " Zimmerman's Rechentafeln," which 
gives the products of numbers of two places of signiiicant 
figures by numbers of three significant figures to 100 by 
999. 

COMFITTINO KACHINIIS.— In Fig. 40, (a) ia a Kutt- 
ner reckoning machine ; (b) a Thomas computing machine ; 
(c) a Fuller slide rule; (d) a Thacher slide rule; (e) an 
ordinary slide rule; (f) a Colby Stadia slide rule; (g) a 
Colby sewer slide rule; (b) a Grant calculating machine; 
(i) a full circle protractor; (j) a Crozet protractor; (k) a 
protractor tee square ; (1) a polar planimeter ; (m) a "jack 
knife " planimeter; (n) a pantagraph; (o) a section liner; 
(p) a spherical planimeter. 

In using the " jack knife " planimeter, the point is placed 
at the center of gravity, and the knife edge ia placed on a 
line passing through the center of gravity of the figure. 
The point is then made to traverse the perimeter of the 
figure to be measured; passing out to the perimeter and 
returning to the center of gravity of the figure on the same 
line. The distance from the final position of the knife edge 
to the line through the center of gravity, multiplied by the 
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length of the arm of the planimeter will give the area of 
the figure. The arm of the planimeter is usually made tea 
Inches htag »nd the distance measured in inches. 

The correct area may be obtained by means of the hatchet 
planimeter, without using the center o( gravity of the 
figure, OS follows; (1) Draw a tangent to the figure. (2) 
Trace the figure with the point starling with the hatchet on 
the tangent and the point at the point of tangency. (3) 
Trace the fl^re aa before except that the point is to move 
around in the opposite direction. (4) The arithnietical 
mean of the two areas will be the true area. That this 
method is correct can be easily proved by the student. 
, The other machines are described in the instructions ac- 
companying them when purchased. 
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CHAPTEB XI. 
TOPOaBAPHIC SBAWINO AITS I.ETTEBINa. 



LETTHBING. — A ina^ified scale is used in the first six 
plates to give ftuniliaritj with, form of letter and numeral, 
and also to produce freedom of hand motion. The six 
plates should first be made with a soft pencil sharpened 
to a needle point, and afterward with pen and India ink. In 
Plate 7 the height of letter is that prescribed in Chapter I. 
This standard size is not only -well adapted to field notes 
and general drafting, but is economical of execution. 

The student should train the eye and acquire a " swing " of 
the hand by industrious practice in such exercises as the fol- 
lowing: (1) Pass a line freehand through two points; first 
sketch in the line roughly by a free swing of the forearm; 
then partially erase and retrace ; finally test result with 
ruler. (3) Pass a circular arc through three points free- 
hand; follow sketch method just described and, after per- 
fecting the arc, sketch in the chords and locate the center 
freehand; test result mechanically. (3) Inscribe a circle 
in a square. (4) Inscribe an ellipse in a rectangle. (5) 
Inscribe an ellipse in an oblique parallelogram. (In the 
last three exercises give particular attention to points and 
lines of tangency and axes of symmetry.) After making 
the line or figure satisfactorily with pencil, it should be 
executed freehand in India ink. 

Practice should include spacing of letters and words, and 
for this purpose it is suggested that the student use the 
"specifications for a good engineer" following the preface. 

The student should not be content until he can make 
letters freehand so well that a close inspection is required 
to determine that they were not made mechanically. 

Frediaiid Titles.— Good freehand titles suflBce for moat 
drawings. In a, good title consistent emphasis is giTen to 
the several parts, and the title as a whole accords with the 
purpose and character of the drawing. Elaborate and or- 
namental titles have a limited application, and should not 
be attempted at all unless the draftsman has special skill 
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In Bueh work. In designing titles, whether freehand or 
Inechanlcal, skill in sketching in the outlines, guide lines, 
axes of Bymmetry, etc., is of much importance. On the 
following pages are a few examples of good titles. 




DBAWINO PENS,— The following pens, arranged in 
order of fineness, will give sufficient variety for ordinary 

Gillott's 170. very fine, for very small lettering. 
Gillott's 303, extra fine, for small lettering. 
Gillott's 404, fine, for small lettering. 
Hunt 21, medium, for ordinary lettering. 
Hunt 512, Shot Point, for ordinary lettering. 
Leoaardt 510, E. !F. Ball Point, for large lettering and 
tiUes. 
Hunt 513, Kound Point, for large lettering and titles. 
Leonardt 516, E. F. Ball Point, for large lettering and 

Leonardt 519 P., Ball Point, for very large lettering and 
titles. 

Fayzant Pens, K & E. Co., Nob. 8, 5, 4, 3, 2, 1, for titles. 

The following rules should be observed in making letters 
on drawings free hand. 

Use the quill in inking the pen. 

Never dip the pen in the ink bottle. 

Keep the pen clean. 

Ink must not be allowed to dry on the pen and spread the 
points. 

Before using a new pen moisten the points and wipe it 
dry to insure a free flow of ink. 

TOPOOKAPHIO STHBOLS.— The standard symbols for 
fop9graphic drawings adopted by the American Railway 
Engjineering Association are given on pages 24S to S51. 



246 TOPOGRAPHIC DRAWING AND LETTERING. 

R16HT-0F-WAY Map 

NEWYORK AMD DENVERRI 

, Stahion 351+55 bo Station M&75 
Scale lin.=400 Ft. January 3, 1915 
\. • -OFf ice of Ctiief Engineer , 
'^, : • J, Denver.Colorado. . ■ ,,' 

Right-of-way Map 

NewYork AND Denver RR. 

Station331t55loStalion5IW0 

Scafelin.400ft. January 30,1915 

Office of Chief Engineer 

Denoer, Colorado. 

Iopograph/cMap 

OFTHE 

City OF Boulder,Coiorado 

Surveyed by the 

Cuss IN T0PO6RAPHIC Surveying 

University OF Colorado 

First Semester 1914-15 

Scale lin-500 ft 
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Right-of-WayMap 

tlEwYoRK AND Denver R.R. 

5t3tm53USSio5tat/oni^3f7S 

5calelinrMFt. January3,/9/5 

OFFice oF ChieF [ngheer 

Denver, Colorado. 

RnuHT-OF-WAY Map 



Station33h55to3tdim5IIM 
Scalelin?400Ft. JanuaryWIS 
OFFice oFChieF Engineer 
Denver, Colorado. 

IqHJjrujfriciHeqi 
CITY OF BOULDER.COLORADO 

iimeraifg of Mmtia 
Jiref^tmuhr 1914-15 
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HvDROailAPMV. 

Stream 

Springs and Sinks 

Lakes and Panda 

Falls and Rapids 

Water Line 




Canals 

Ditches 

f 

Contour System 

Cliffs 

Cut 

Em ban km ent 

Top of Slope 

Bottorn of Slope. 
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TOPOGEAPHIC SYMBOLS. 
••KAiLWAifs < TopowAPnicAi. Maps.) 

■Steam <-h 

Electric -1 

Street- Hail ways. ^^wu^^ 



X Railway Tracks (Track Maps.) 

Railway Track or Old TraiMro Remain ' ' : 

Old Tract to be Taken up r:^n=i:r^ 

Propoted Tracks '■- : 

PropOied (Future) Tracks —.^z^z^z. 

Foreign Tracks 



Blodi itir* Initials ofSoag 



Boundary and Survey Lmts. 

\PoliHcal DMsioni , Siut«. Courrty ^«,,T«.-y»»«ft,M«B. 

I or Township lines. fe^f JS^mSjw 

J Covemmenf Surveys, Base, Meridian, s«i:.« T. Kn..w. i t.3- ti 

\ Township.Section or Harbor Line %t^Tt^C^i'^f^ 

Street, Block or other Property line 

Survey Lines — '^f T ^^^ 

Center Lmes 7$^^^^M^J^ 

ana tnipir Symbol 

Company Property Line 

. . , irau nna ana Hiiqit 

Fence (on Street Line) ' — •— -■ ' • 

Fence(on Cornpony Property Line) ■ * -■-* — 22?.-. 

K fei Itaiiwaf Trptt antf yar* ini4i»t mt 

Sil^ll ar OoilMt UIHl. 

'* .,„ Google 



250 TOPOGRAPHIC DRAWING AND LETTERING. 



City 
Village 

City Limits 
Firg Limits 



innaaai 



lE3£2}OG3.G3i 



•Section Corner 

Section Center —jr^-jf- 

TriangulationSiafion or Transit Pbint A 



Bench Mark 
Stone Monument 
Iron Monument 



&M.XI232 



MlaCCLLANEOUS. 



Pole Wire Lines 
Railway Tunnel 
Dimension Lines 



#-= 



True and 
Magnetic Meridian ^ 



I Graphic 
'•Scales 



topographic svmb0l8. 

Culverts, Sewers, etc. 

Masonry Arch or Rat Tcp Culver f Jrr"r~ 

PipeorWoodBof Culvert («■ Drain f^^^ 

Catch Basin — — 

Manhole -- — 
Sump 

Water SuffuY 
Water Tank 



— -s~- 

Pire Unes. 



Water Column 
Track Pan 
Company Wattr Pipe 

Other Water Pipe -ft-*-, 

■Steam or Oas _ —j 

Compressed Air ..-,...., 
HiOHWAvs AND Crossin&s 

Public and Mam Ffoads —^ 

Private and Secondary Roads -~- 

Trails ' —"^ 

Street and Public Road Crossings :^^ 

Private Road Crossing ^= 

Bridges. 

Girder j 

TruAi J 

Trestie \ 
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SURVEYING MANUAL 



ITELD AND OFFICE TABIJIS FOB USE IN 
SUBVEY IK G. 



WILLIAM D. PENCE 



MILO i 



KETCHUM 



Table 1. Logarithms of Numbers. 

Table 2. Logarithmic Functiona of Angles. 

Table 3. Natural Functions of Angles. 

Table 4. Squares, Cubes, Square Roots, Cube Itoots and 
Circles. 

Table S. Trigonometric. Functions. 

Explanation of Tables. 

The authors wish to thank the J. B. Lippiiicott Company 
for the nse of Tables 1 and 2 taken from Suplee's " Five 
Place Logarithms," and Table 3 taken from Suplee's " Me- 
chanical Eng'ineers' Reference Book " ; and the McGraw- 
Hill Book Company for the use of Tables 4 and 5, taken 
from Harger and Bonney's " Highway Engineers' Hand- 
All of the above tables are fully protected by copyright. 
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928 933 938 912 W7 






952 










976 980 985 990 9K 




913 


999-004 








•023 »028 •033 •038 •012 






96 047 


052 


057 


061 


066 


071 076 OBO 085 090 




914 


095 


099 


104 


109 


114 


118 123 128 133 137 




91G 


142 


147 


152 


156 


161 


166 171 175 ISO 186 




9U 
















917 


237 




m 






261 265 270 275 280 


S 


91S 


2S4 


2S9 


294 


298 


303 


308 313 317 322 327 




919 


S32 


836 


841 


346 


350 


355 360 365 369 374 


2 


lio 


920 


STB 


384 


388 


m 


S98 


402 407 412 417 421 


8 


1.5 










440 




450 4M 459 464 46S 






922 


473 


478 


483 


487 




497 501 506 611 515 




it 








630 












924 


S67 


672 


677 


581 


586 


591 69S 600 606 609 


9 


*.6 


9SS 


el4 


eie 


62* 


ea 


633 


638 642 647 652 65« 




928 


661 




670 






686 689 «»4 699 703 




927 


708 


713 


717 


722 


727 


731 736 741 745 750 




















929 


S02 


m 


811 


816 


820 


826 830 834 839 844 




930 


»4S 


853 


858 


862 


867 


872 876 881 886 890 




m 


S96 




904 


9U9 




918 923 928 932 937 




992 






951 


956 


960 


966 970 974 979 981 




93» 


988 








•007 


•Oil •ow ^021 •025 •mo 




9M 


97 035 


039 


044 


049 


063 


068 063 067 072 077 




935 


081 


086 


090 


095 


190 


IM 109 114 118 123 




936 


128 










151 165 160 IK 169 






174 




183 


188 


192 


197 202 206 ai 216 




93« 


220 




230 










939 


267 


271 


276 


280 


285 


290 294 299 304 308 




940 


313 


317 


322 


327 


331 


836 340 345 350 354 




N 


L 


_|_ 


2 


3 


J^ 
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la 
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L 
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2 


3 


4 


8 


6 


T" 


8 


9 


P.P. 


MO 


97 SIS 


817 


322 


327 


331 


338 


340 


S46 


350 


354 






359 




388 








387 




396 


400 




M2 


406 




414 




421 


428 


433 


437 


442 


























493 




944 


497 


602 


608 


611 


516 


620 


625 


629 


534 


539 




945 


543 


MS 


652 


657 


662 


686 


571 


575 


580 


585 












603 












630 




•17 


635 


WO 


644 






658 


663 


667 


672 


678 




948 




686 




895 












722 




949 


727 


731 


736 


74» 


746 


749 


754 


759 


783 


788 


8 


VSO 


■ 772 


777 


782 


786 


791 


796 


800 


804 


809 


813 




0.6 






823 




832 


836 






860 


855 


850 




1.0 


KI 


8M 


Ses 


878 


877 




886 


891 


896 


900 


905 
















■28 


932 


937 




946 


950 






954 


95fi 


959 


964 


968 


973 


978 


982 


»B7 


991 


996 




8.0 


96S 


98 000 


005 


0O9 


014 


019 


023 


ttS 


032 


037 


041 


■ hir 


9M 




050 






064 


968 








087 




9B7 


091 


096 


109 


lOS 


109 


114 


118 




127 


















169 




168 








Ka 


182 


188 


191 


195 


200 


201 


309 


214 


218 


223 




9«0 


277 


232 


236 


241 


245 


250 


254 


259 


283 


288 




961 




277 


281 


286 


290 


296 


299 


304 


308 


313 




m 


31g 


S22 






338 




345 






968 




K3 


SIB 










385 








403 




964 


408 


412 


417 


421 


426 


430 


435 


439 


444 


448 




96S 


453 


457 


462 


466 


471 


475 


480 


484 


489 


493 


4 


966 


4sa 




607 


611 


516 


520 


625 


529 


534 


538 






96) 


M3 


547 


SB2 


















?s 


968 








601 


805 


810 






623 


628 




1.2 


96S 


632 


637 


841 


848 


650 


655 


659 


664 








li 


970 


877 


882 


BSS 


691 


896 


700 


7M 


709 


713 


717 




Is 


971 


72S 


726 


731 


735 


740 


741 


749 


753 










m 


767 
























973 








825 


829 


834 


838 




847 


851 




■74 


866 


860 


865 


869 


8f4 


878 


883 


887 


892 


896 




■76 


900 


906 


a» 


914 


918 


923 


927 


932 


936 


941 




976 


94S 




954 


958 


9S5 


967 


972 


976 


981 


9S5 




■77 


989 


9M 


998 










■78 


99 034 


038 












065 


069 


074 




97» 


078 


063 


087 


092 


096 


100 


105 










980 


m 


127 


131 


136 


140 


145 


149 


154 


158 


162 




N 


L 
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1 


~ 


~ 
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7 
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LOOABITHMS OF NUMBERS. 
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991 to 999 








N 


L 


i 


2 


3 


* 


« 


6 


7 


8 


9 


P.P. 


MO 


99 123 


m 


1»1 


IM 


140 


14S 


149 


164 


168 


na 












181) 












707 




WB 








■;rAt 






■if* 


Ml 


M7 


■Jftl 




ses 


2S6 


■*n 


W4 


■*9 


■^x 


■m 


IX/. 


1M 




Jifi 




9M 


3W 


8U4 


30K 


31S 


BIT 


322 


stx 


330 


3»5 


389 




ass 


841 


84fl 


M2 


8,17 


Wl 


866 


wn 


874 


879 


BR3 




«86 


3B8 


W2 


8W; 












t/H 






WI 
















4nK 


m 


471 




«88 


476 


4Nn 


4M 


m 


4«1 


*98 


m. 


806 


fill 


SIS 




9S» 


620 


m 


fita 


633 


637 


542 


646 


550 


566 


569 


4 


««> 


664 


m 


ST? 


677 


881 


886 


890 


fM 


m 


fins 




0.4 


>ra 


«I7 








ns, 


629 














JW 






nui 




(m 








086 








SMt 


695 




704 


708 


■m 


717 


771 


Tin 










m 


73B 


7<8 


747 


3W 


756 


760 


766 


769 


774 


778 






Mli 


782 


7«7 


TBI 


798 


800 


804 


808 


818 


RIT 


8??, 


B 


K 


M« 


828 




m 


Hlftl 


















870 












Mlllt 










«m 


918 


917 


Vli 


9'» 


980 


98,6 




944 


918 


9W, 




999 


«7 


961 


965 


97U 


974 


978 


983 


987 


991 


99a 




1000 


OOO 000 
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087 


130 


174 


217 


260 


304 


347 


391 




H 


L 


1 


1 


i 


* 


» 


6 


7 


8 


» 


P. P. 



Logarllhai* ol Inporlaal Nunberm. 



. N-.n,ber. 




,■ 


=. 


3.141 693 


0,497 150 






4.188 790 


0.622 089 


I' 


= 


0.623 699 


^.718 9W 


1 


= 


0.S18 310 


1.502 850 


ir> 


= 


9.8(9 601 


0.994 BOO 


i 


= 


0.101321 


1,006 700 




„ 


1.7T2 454 


0.218 575 


^ 


- 


0.5«4 190 


T.761 42S 


fi 


= 


1.164 692 


0.166 717 


t; 


= 


0,882 784 


1,834 283 


;^ 


- 


1.240 701 


0JWS667 



Table 8. LOGARITHMIC ANGULAR PITNCTIONS. 
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79" 


mT 


Bine. 


Coneant. 


TMBmt. 


Cotaoe.nt 


Secant. 


Co-n.. 


^ 




Inf. Ne«. 


InBnlte. 


Inf. Neg. 


InOnils. 


10.60000 


10.00000 


60 




6.1S379 




6.46873 






00000 






i6476 








60000 


ooooo 


58 




94085 


05B1S 


94065 


06916 


60000 


00000 










7.06679 


12.98421 




ooooo 










7.16270 








66 






76812 


24188 






'oiooo 


54 




80882 


B9I18 


30882 


69118 


00000 


ooooo 






36382 




36682 


63318 






62 














-ooooo 


51 




7.46373 








10.00000 


10.00000 


60 




50612 


4948S 


60512 


49488 


06000 


ooooo 


49 




54291 










ooooo 


,4S 


i» 










06000 


ooooo 


47 




«om 


39015 




39014 


00000 


ooooo 


46 






12.36018 


7.63982 


12.86018 




10.00000 




16 


'66784 








. 06000 


ooooo 




IT 




30683 




80582 


00001 


9.99999 






71900 


28100 


,5 


28100 


.00001 

00001 


99999 
99999 


42 
41 


10 












9,99>»9 


40 


21 


78594 








60001 


99999 




22 


80615 


19885 


80615 


19385 


00001 




38 












00001 




37 


24 










ooooi 


99999 




25 


7.86166 


12.13834 


7.86167 


1Z13833 


10.60001 


9.99999 


35 


26 


87870 


12130 


87S7I 


12129 


00001 




34 


27 


89609 




89610 




00001 




38 


28 


91068 




91089 




00001 


99999 




29 


92612 


07388 


92613 


07387 


00002 








7.94064 




7.94086 




10.00002 


9.99998 


30 












00002 


9999B 


29 


S2 


96887 


03113 


96689 


03111 


00002 


99998 


28. 


33 


98223 


01777 


98226 




00003 


99998 










99622 




00002 




28 


35 










10.00002 


9.99998 


a 


S6 


■o»02 


97998 


020M 




00002 


99998 




8T 


03192 


96808 


031M 


96806 


00003 




23 


K 




95660 






00003 


99997 


22 


39 




94522 






00009 


99997 




40 


8,06578 


11.93422 


8.06581 


lt9S419 


10.00003 


9.99997 






07660 


92350 


07653 


92347 






11 




08696 


91304 






00008 




18 


4S 


09718 


90282 




90278 


00003 


99997 






10717 


89283 


10720 


89230 












11.88307 




11.88304 






15 


M 










00004 


'99996 


14 


47 




86419 


13585 


86415 


OOOM 


99996 






14495 


85605 


14500 


85500 








49 




84609 




84606 


OOOOI 




■11 


SO 










10.00005 


9.99995 




51 


17128 


'82572 


17133 




00005 










82029 
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i 


53 










0O0O5 


99995 


7 


54 










0O005 


9999S 




55 


8.2W07 


11.79593 


8.20413 


11.79587 


10,00006 






£6 








78805 


00006 










78042 
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3 
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77287 


22720 


77280 


00006 






W 


23456 


76544 


23462 


76538 
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^ 
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LOGARITHMIC ANGULAR FUNCTIONS. Table 
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iMflVOtmt. 




178' 


tf. 


Bin*. 


Concant. 


Tutffit- 


Cot«ne*nt 


Bwnt. 


-9.99993 


IL 





s.Mise 


11.7B814 


8.21192 


11.76808 




60 


1 


2IIKS 


7609J 


21910 


75090 


00007 




69 










71384 




99993 


SS 




%ao4 


73696 




73688 








4 


26S8H 


78012 


2S996 


73001 


00008 


99992 


6« 


fi 


8.278S1 


11.72339 


8.27669 




10.00008 


9.99992 


55 








28332 












28B77 




28986 






99992 




B 


29621 


708J9 


29629 


70371 


00008 


99992 


sa 




3a2&6 




30263 






99991 




10 












9.99991 




11 


31495 


"68505 


31505 


'«8195 


"09009 




19 


12 


3210B 




32112 


67888 


00010 


99990 


48 




32702 






67289 




99990 




11 


33292 










99990 


46 


16 


8.33STS 


11.66126 


8.33886 


11.66114 


10.00010 


9.99990 


45 


IS 


34450 




84461 


65S39 




99989 
















99989 


4S 


IB 


38578 






61110 




99989 


42 




36131 


6SB69 


3S113 


63867 


OOOII 


99989 




10 














40 


U 
















•a 


37750 


62250 


S7762 


ffiHSa 




99988 


.t« 


as 


38276 


61721 


3B289 


61711 


00013 


99987 


37 


M 


38796 




38809 






99987 


36 


3S 


S.3031O 










9.9998" 




IS 


39818 


"60182 


89832 


60168 


00014 


99986 


34 




40320 


69SB0 


40834 


59666 


00014 


99986 


33 


IB 


40816 










99986 


32 


38 




68693 












ao 


8.41792 


11,68208 


8.41807 


11.58193 


10,00015 


9.99985 


30 
















2* 


32 












99984 


28 


38 


13216 


667M 


43232 


56768 


00018 


999M 




S4 






43696 




OOOIK 


99984 


26 


86 














25 


36 




'5M06 


'44611 


*55389 


"00017 


99983 


24 


XI 


15041 


51956 


45061 


54939 


00017 


■99983 




36 












99982 


22 


S« 






45948 








21 


« 


8.46366 




8.46386 


11.53616 


10.00018 


9.99982 


20 




46799 




16817 


53183 


00019 


99981 


19 




17226 










99981 




4S 






17669 










44 


48069 


51931 


18089 


51911 


00020 


99980 


16 


16 


8.48185 










9.99980 


15 


46 


4S896 










99979 




47 


leSM 


50696 


19325 


60675 


00021 






W 


1970S 


M292 




60271 


W021 


99979 


13 


4> 


■■■0108 












11 


W 


8.50501 














51 


B089J 


19103 


60920 


'19080 


'00023 


99977 


B 














99977 




64 
















U 


8.M131 


11.17566 


8,52159 


11.17511 




9.99976 










6283S 




00025 


99975 


4 
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99975 


3 


68 


53552 


46118 


53S7e 










se 






53945 


16055 


00026 




1 


so 


5428'2 


45718 




15692 




99974 
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Table a. LOGABITHMIC ANGULAR FUNCTIONS. 
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17T» 


H. 


Nne. 


11.45718 


8.64308 


ColMigent. 


H«»il. 


Coilue. 


K. 




8.54282 






9.99974 


60 








M669 






99973 


59 












00027 




58 




SS3&4 


44646 






00028 


99972 


BT 






44295 


E6731 


44266 






56 








8.66083 


11-43917 


10.00029 








'b«4oo 


'43600 






00029 








S6743 


43»7 






00O3O 


99K0 


53 






42916 


571H 


42886 


00030 




52 








57462 


42548 


ooosi 


99969 












11.42212 


10-00031 


9.99969 


GO 




£8089 


41911 






00032 


99068 


40 




6^13 


415SI 


58451 


41649 


00032 


90968 


48 




M74T 






41221 


00033 




47 


14 


59072 


40928 




40896 


00033 


99967 


46 


16 


8.ae39S 


11.40605 


8.5912S 






9.99967 


IS 


16 






59749 


"40iM 


00034 






n 


60033 


3996T 


60068 




00034 


99966 


48 


IS 


60M9 


39651 


60381 




00036 


99955 


42 






39338 


60608 


39302 


00036 












8.61009 


11.88991 


10.00036 




10 




'61282 


'SSTIS 




38681 


00037 


99963 


S9 




61589 


3M11 


, 61626 




00037 


99963 


38 


2S 






61931 


38069 


0OD38 


99062 




H 




37804 


62234 


3n66 


00038 


99962 


SO 


as 


S.AS49T 








10.00039 


9.99961 


» 






'37205 


62834 








34 


37 




86909 


63131 


S686S 


OOOIO 




33 


28 








36574 


00040 






29 


63678 


36322 






00041 


99959 


31 


SO 






8-6J009 








3D 








64298 


35702 


00012 




29 


SI 


64M3 








00042 


99958 


28 


33 


6I82T 


35173 


64870 




00043 


9S967 


27 


SI 




S4890 


66154 


34846 


00041 






S5 




11.34609 




11.34565 


10.00044 


S.99966 


26 


S« 


'65670 








00015 


99955 






65M7 


34053 


65993 




00045 






SB 


66223 




66'2e9 


33731 


00016 






B» 








3MS7 


00046 




21 


10 


8.66769 


11.33231 






10.00017 


9.99953 


20 




670S9 


32961 


'67087 




00048 






42 




32692 


67356 


32614 


00048 






IS 


67675 


3:m26 






00049 


99951 






67M1 


S2159 






0O049 






*G 






8.681M 


11-31846 


10.00060 






46 








S1SB3 


00O51 


99949 


14 


a 


686:r7 


31373 








99919 


13 






31111 


68938 






99948 


12 


49 






69196 


90801 


00062 


9994S 




to 










10.00053 


9.99947 


10 


fil 


69651 


'30346 






00064 


99946 









30093 


69962 




00054 


99916 












29786 


00055 


09946 






70409 








00056 


99911 


6 




8.70668 


11.29342 


8.70714 








6 




70905 


29095 


70962 


'29038 


00067 
















00058 


99912 


3 






28605 






D0O58 


99942 


2 






28362 


71697 


28303 


00069 






SO 


71880 






28060 


00060 


99940 
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280 LOGARITHMIC ANGULAR FUNCTIONS. Table 2. 



V 












76" 


_M. 


Sins. 


OwwnL 


Twgent 




BscoDt. 


Onrinfl. 


M. 





6.71880 






11.28060 


10.00060 


999940 


60 


1 


72120 


27880 






oooeo 


e9H0 


69 




T23&9 


27641 


72420 


27689 




99939 




3 


72SSJ 




72669 


27341 


00062 


99^ 




4 


72834 










99938 


66 




8.78000 




8,73132 


11.26868 




9,99937 






7330S 




73866 


as634 




99936 






73635 


26465 


73600 


26400 


00064 


99936 


53 


B 


73767 


2S233 


73832 






99935 


52 






26003 


74063 






99934 




10 


6.71226 


11.26774 


8.74292 


11.25708 




9.99934 


1 


11 








25479 


00067 


99933 


12 


71680 










99ge2 








250M 


74974 






99902 




H 




24870 


76199 


21601 


00069 






15 


6.7>353 






11.24577 
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45 
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'24425 








99929 




17 


%T95 


24205 


75867 


24133 








IS 


16015 


23985 




23913 


00072 
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;6234 
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U.23M9 


8,76525 
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23333 


76742 


'23258 


00071 






22 
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23042 


00075 


99925 


38 
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99921 








ia690 


77387 






99923 








U.22478 


8.77000 


11.22100 




9.99923 








22267 




22189 




99922 


34 




77943 


22057 


78022 






99921 


83 




78152 


21848 


78232 










ZR 


78360 


21640 




21559 
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80 


6.78568 


11.21482 
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78J74 


21226 


7885.'] 


'21145 






29 
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21021 




20939 
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8S 






79266 


20731 
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S4 
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2C614 


79470 
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11.20412 


8.79673 


11.20327 




9,99915 


25 


36 


79789 


20211 


79875 


20126 


00086 


B9914 


24 


S7 


79990 








00087 


99913 


23 




80189 


1»11 


80277 








22 






19612 


904-6 


19521 








40 








11.19326 


10.00089 


0.99911 
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80782 
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10022 


81068 
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81264 


18736 


00091 


99909 




44 


81367 
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99906 
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11.18440 
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01lb94 
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48 
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62 
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H. 
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59 


s 
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84826 


15174 
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99692 
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57 
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85185 






99891 
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8,85363 


11.14637 




9.39830 






B5429 






14460 






54 




85605 


4335 
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99388 


63 
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85893 
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99887 


61 
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13931 




99886 
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11,13757 


10.00115 
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99884 
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3528 
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99883 


48 


13 
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3355 


86783 


13237 
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13065 
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11.13013 
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9.99880 
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93879 
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12553 


00121 




4S 
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87785 








41 
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93875 
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H 


27 
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10883 
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SS 
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39863 
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89437 
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n 
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11,10402 




9.33866 


so 
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10240 




99865 


21 
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89943 
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00137 


99863 


27 


34 
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09898 
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35 








11,09601 






26 


S6 


90417 
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00140 
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se 


90730 


03270 
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39858 




SB 


90885 
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99857 
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10.00144 


9-99856 
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00145 


99855 
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91495 
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U 
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91650 


08350 


00147 








91655 










99852 
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11.08193 


8.91957 






9.99851 
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99850 












07788 


00152 
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99847 


11 






07589 








99846 
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11.07439 


8,92716 


11,07284 
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92866 


07184 
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06984 
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93842 
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33448 
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8! 


93594 
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U.05805 
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9.99834 


60 
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99833 


69 
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«481 


05639 


91630 


OK70 




99831 






94603 


05397 








99830 


56 
















56 




-94887 










'99828 






■96029 


04971 


95202 


04798 


00173 




53 




96170 


04830 






0O175 


mw 


62 












0O178 






10 
















11 


96689 


04411 


'96767 


■04-283 


■C0178 


'99822 


49 


12 


96728 




95908 




001J9 


99821 


48 




96887 




96047 












96006 


03996 






00181 




16 


16 


8.96143 


11.03857 


8.96328 


11.03676 


10.0018.'! 


9.99817 


46 
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96464 






93816 




















18 




03417 


96739 


03261 


00186 




12 


19 


96689 




96877 


03123 


00187 


99813 


41 


20 














10 




'96960 














22 


97096 


02906 


97^5 


02715 


00191 


99609 


38 


2S 


97223 






02579 


00192 


99808 


37 
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99607 


38 




8.97496 




8.97691 
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97629 




97825 


'02176 


'00196 


*99e04 


34 










02041 


00197 


99803 


33 








98092 
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32 


M 


98026 


01971 






00199 




31 


ao 


8.98167 


11.01843 


8.98358 


11.01642 


10.00200 


9.99600 


80 


81 












99798 


2» 


82 




01681 






00203 




28 


S3 


98519 


01151 


98753 


01247 


00204 






84 










00205 


99795 


26 


85 


8.98808 
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2b 


88 


BB937 


01063 




00865 






21 


87 


99068 


00934 


99275 


00725 


00209 




28 


88 






9M06 


00595 




99790 


23 


89 












99788 


21 


M 


8.99460 


U.005.'i0 


8.99662 


11.00338 






20 


U 


99577 


0O123 


99791 


00209 


00214 
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00215 


99785 


18 














99783 






99966 


00014 


00174 


'99S26 


0021B 
















10.00219 


9.99781 
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0^ 


99668 


00^ 


99147 




99780 
99778 






00456 


99644 


00679 


99321 
















99195 
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9.99775 
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00828 


'99172 


01055 
















01179 


98821 




















99771 








98804 








99769 
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9.01318 


10.93682 


9.015B0 
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; 
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• 00239 
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M. 


S[ii«. 


CoKaiit. 
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OolMigaDC. 
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9,99761 






0204a 


97957 


02283 




00240 


99760 


SO 








02404 


97B96 


0D241 


99769 


6S 












00243 


99767 






mm 


97598 


0264B 


97355 


00244 


B9766 


66 




9.02620 


10.97480 


9.02766 


10.97234 


10.00245 


9.997B6 


56 


























96995 


00248 








02874 




03124 


mEl 


nam 


99751 






02*92 


97008 


03'i42 


00261 
























'03226 


'»6774 










49 




03M2 


96658 


03597 


9S403 


00255 


99745 


46 




0346g 


96642 




96286 




99744 
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96426 










46 




9.03G90 


10,96310 


9.03948 


10.96052 


10.00259 




46 




OSSOS 


96195 


04065 


E 


00260 


99740 


44 




03920 


96080 








4S 






95966 






00263 




41 




04149 


95851 


W413 


B5587 


002B4 


99736 
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9.04282 


10.95738 


9.04528 


10.95472 




9.99734 


40 


21 


D43Tfi 


95624 


W643 






99733 




22 










00269 




SB 


as 


04603 


95S97 


04873 


95127 


00270 


99730 


S7 


SI 


04715 


95285 


01987 




00272 


99728 




V, 








10.M899 






36 


26 














81 


27 




94M8 


05328 


94672 


0)276 


99724 


31 


28 










00277 


99728 


82 


29 


















9.0A3B6 


10.94614 


9,05666 


10,M334 




9,99720 


30 




054B7 


94503 




M222 


00282 


99718 


2* 








05890 








2S 


B3 






06002 












06827 


94173 




B3887 


00286 


99714 




K 


9.059S7 


10.94063 


9.06224 


10.93776 




9,99713 




SS 










00289 
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00290 






t» 


06264 


93736 


06556 


BSM4 


00292 


9970e 




W> 


06372 


93628 


06666 


93331 


OO'JSS 
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20 












'00'J96 


99704 


19 




06696 


93304 


06991 


93006 


0O298 


99702 


IB 


43 


06804 


93196 




92897 


00299 






44 










00301 


99699 




4£ 


Bjnow 


10.92982 


9.03320 


10-92680 


10.00302 


9,99698 


15 


46 


07124 


92876 




92572 




99696 




48 










0030T 


99693 








92558 


07751 


92249 


00308 
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M 


8.07548 


10.92452 




10.92142 
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99687 




63 




92137 


08177 




00314 


99686 




64 


07968 




08283 










U 


9.08072 
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'99681 




67 


08380 


91720 


08600 
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K 
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■0 


06539 
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sin*. 
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9.IM33 
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10.00538 
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20053 




00540 


99460 


59 




19592 


80408 


20134 


79866 


00542 


99458 


68 




16672 


80328 






00544 










80249 


20297 




00546 




66 








9.20378 


10-706'22 


10.00548 




55 
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79541 


00550 








IM88 


80O12 


20540 


79460 
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79933 


20621 


79379 


00554 
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79299 




99444 
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10 
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9.20782 


10.79218 
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'70698 


20862 


79139 
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20942 


79058 


00562 


99438 
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13 
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21022 


78978 




99436 


47 
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79465 




78898 
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9.20613 
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'78739 
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78659 
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43 


IS 
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00591 
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99404 


82 


» 
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7JT17 
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99402 
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9.21761 
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'22438 






99398 
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78088 
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S3 


21987 
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77938 
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99388 
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77099 
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22361 


77639 
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99383 








77566 


23054 






99381 












10.76870 


10.00621 
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41 


'22583 


77417 




767M 


00623 








22657 


77343 




















T6641 




99372 
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22806 






76565 


00630 


99870 








10.77122 






10.00632 






46 


22952 


77048 


*23586 






99366 
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76339 




99364 
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23098 






76263 




99362 










23812 
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^ 
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24779 
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6 
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74418 


00694 
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17 
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10.72852 
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26605 
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21 










10,725W 
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10.00781 


9,99219 
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72136 
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28448 


71552 


29288 


70732 


00820 


99180 






28512 


7 488 








99177 


S3 


8 














52 




28641 


71369 


2M68 


70532 


' 00328 


99172 


61 




9.28705 


10.71295 


B.29535 


10.70465 


10.00830 


9.99170 


60 


11 


28769 




29601 












28S33 




29663 






99166 


48 




28896 


7104 


29734 


70266 


00838 




47 








29800 


7O2O0 


O084D 


99160 


46 


1!> 






9.29966 








46 




'29087 


*70913 


29932 


■7OO68 






44 




29W0 






70002 


00848 


99152 


43 


18 


29214 
















29277 












41 


30 


9.29840 


10;70660 


9.30195 


10.69805 


10.00866 


9.99145 


40 




29408 






69739 


00868 


99142 


39 


22 


29466 








00860 


99140 


38 


23 


29529 


70471 






00863 




37 


34 


29591 


70409 


30157 


69543 


00865 


9913S 


SB 




9.29654 








10.00868 


9.99132 


35 














99130. 


84 




29T79 




30662 


69348 






8S 


18 


2W1 




30717 




00876 


99124 


32 




29905 




S0782 




00878 


99122 


31 


SO 


9.29966 












30 




30028 


"69972 


■3OBII 




00883 




29 




W090 




30975 


69025 


00886 


99114 


28 


SB 


SOISI 




31040 




00888 




27 


Si 


30213 


69787 


31104 




00891 




» 


85 


9.30275 




9.31168 


10,68832 


10.00894 




25 








312S3 




00896 


99104 


24 




30S98 












28 


SB 


30459 


89641 






ooeoi 


99099 


22 




30521 


6W79 


31425 


68.'J75 


00904 


99096 


21 










10.68511 


10.00907 


9.99093 


20 


11 










00909 


99091 




42 


30704 


89296 


31616 






99088 


18 




30765 


69235 






00914 


99086 


17 


44 


30826 










99083 




45 


9.30887 
















30M7 


60053 


■31870 






'99078 


14 




31008 


68992 






00925 




13 


48 


















31129 


68371 


S20M 




00930 






50 




10.68811 


9.32122 


10.67878 


10,00933 


9.99067 


10 




31250 




82185 


67815 


00936 


99064 


9 


52 












99062 




G3 


81370 










99059 






31430 


68570 


32S73 


676OT 




99056 


6 


55 








10.67564 


10.00916 


9.99054 


6 


55 
















67 


31609 


68.191 


32561 






99048 










32623 




00954 


99016 














00957 


99043 




CO 


317H8 


88212 


32747 


67263 




99040 





H. 


~Co^^ 


B«mt, 


Cottngent 


T«g™i. 


Corn^m. 


8I™. 


u. 
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9.91T8« 
MWJ 



10,67253 

enas 

67067 

67095 

10.6694S 



«0»70 
*MW76 
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13= 










tM' 


H. 


«De. 


Oxeaiil. 


T»ng™t. 




8™nt, 


Co-n^ 


H. 




9.S52oe 






















'63606 




'98869 


59 


2 


36818 


64682 


36452 


63548 




98867 




3 


S5378 




36609 






98864 


















56 












10,01142 


9,98858 




6 


K536 


B1464 


36681 




01H5 


98855 






35690 


























98849 


52 






61^2 




63148 


01151 


98846 




10 


9.36762 


10.64'il8 


9.36909 


10.68091 










36806 




369S6 








49 










6ffl77 




96837 








64086 


37080 


62920 


01166 


98884 






36968 


64032 


37137 


62863 










9.30022 










9.9^ 


45 




86076 






*62JS0 


01175 


98825 




n 




^871 


37306 


62691 




98822 






36182 


























98816 


41 


20 








10.6^24 


10.01187 


9.98813 




21 


36342 


63658 


37632 


62468 








22 


36396 












38 












01196 


98804 










37700 


62300 


01199 


98801 


36 


25 




10.63446 


9.37756 


10.62244 


10.01202 




85 


% 


86608 












34 












01203 


98792 


83 


28 


36718 






62076 


01211 


98789 




29 


36766 




37980 


62020 








30 


9.36S19 










9.98783 


80 










61909 


01220 


98780 




82 


36924 


63076 


38U7 


61853 




98777 






86976 


68024 








98774 






37028 










98771 


26 


S5 






9.38313 


10,61687 


10,OV2S2 


9.98768 




36 






88368 


61632 


01235 






87 


371S6 












23 




37237 










98759 


22 


89 




62711 


38.V14 


61466 




98756 




40 




10.&2659 


938589 












S7S93 


























98746 




43 




62503 


38754 


6ia6 


01257 


98743 






37549 


62451 


38808 












9.37600 


ia.KMOO 




















61082 


01266 


'98734 




47 




62297 


38972 










4S 


37755 


62ai5 


39027 






98728 




























10.60864 


10.01278 


9.98722 




51 




62091 


39190 












37960 


62040 


































3^ 


60647 


01291 


98709 




M 


9.38113 
38164 


10.6 887 


9.3M07 


















6018& 


01300 


96700 




58 


38266 


6734 


3a-i69 






96697 




59 


38317 














eo 




61632 


3%77 


603'2S 


01310 


96690 




H. 


Codiie. 


Se«i.t 


c«...„. 


T«g™.. 


COBCUt. 


BID*. 


kT 



Google 
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(4= 










I«8» 


H. 


Bine. 


CoBeaDt. 


Ti.iiB«nl. 


Ootangenl. 


Beant. 


OodDc 


K. 




B.3S36S 


10.61632 


9.396T7 


10.60323 


10.01310 


9.98690 












60269 








a 


38489 


61531 


39785 


60215 


316 


98684 


58 


s 


38519 




3983S 






98681 




















5 




10.61380 




10.60055 






56 




'38670 


am 


■39999 


60001 


329 


'98671 














01332 


98668 












59894 








9 


sasii 


6U39 


40159 


69841 




98662 


51 





B.38SJ1 




9.40212 


10.5978* 




9.98659 














01344 


98666 




2 














48 


3 




60979 


40372 


596'28 


351 


98649 






S9OT1 


60929 


40425 




364 


98M6 


46 


b 












9.98643 


46 


e 




'60830 


'40531 


'69469 


01360 


98640 




7 


39'220 


60780 




59416 


0364 


966S6 




B 


S9270 




40636 
















40639 








41 






10.60631 


9.40742 


10.59258 


10,0 7S 


9.98627 






awoa 


60582 


40796 


69206 




98623 






SW67 




40847 




380 
















03S3 




37 






60434 


40952 


68Me 


01386 


98614 






9.39615 


10.60385 
































60287 




5B89I 


0396 




33 






60238 


41161 


6S839 


99 




32 




39811 








01403 








9.898*0 












30 






'60091 


41318 


'58682 


09 


'98591 






39958 


60042 




58630 




98588 






40006 






























i 




10.59897 


9.41526 


10.5M74 


10.0 22 


9.98578 






40152 


59S4B 














40200 


59800 














40249 




41681 


58319 




98668 


22 






59703 


41733 


68267 


01435 


98565 


21 




9,40MS 
















40394 




















41887 


58113 


01415 


98.'»5 


IS 




40490 


5*10 


11939 






98561 






40638 




















9.12041 








15 






59366 


42093 


'67907 


'01459 


'98541 






40S82 


59318 














407S0 




















42246 




01469 


98531 


11 






10.59175 


9.12297 


10.5T703 


10.01472 


9.98528 


10 




40873 


59127 














40921 
















409A8 






576W 


01482 


98518 








58984 


42501 


574B9 


01485 


98515 






9.110fi3 


10.S8937 






























4VX6 


E 


42653 
42704 


57317 


0H95 


98505 


\ 




«2S2 


















68760 


42806 


B7196 


01606 


98194 





^ 


CMiH. 


Stctuit. 


CQUne^t. 


T«.e«,.. 


OoSKMlt 


Sine. 


M, 
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ur" 






Losarlthai. 






«4" 




Slu. 


o«™ii. 


TMgBdl. 


CoUngent 


S»».t. 


C«iii«. 


H. 








9.42805 




10.01606 


9.98494' 


60 




11347 




42S56 


67144 










41394 


58606 


42957 




01S12 
01516 


08484 


i 




4 48S 






66983 




98481 






9.4 5S9 






10.66943 












53418 






01526 








416^ 




4S158 






98471 


^ 




4 676 






66702 






52 




4 722 


58Z78 




B6742 












10.58232 


9.43308 




10.01540 










581S5 


43858 






98457 


49 




41061 






66592 




96453 








58002 




B6542 












58046 






■ 01553 








9.42001 




9.48558 






9.98443 


45 




42MT 






66.193 












57907 






01564 












43707 






984M 


42 




42186 






66244 




98429 






9.42232 


10.57768 
















67722 


43855 




01578 












43905 






98419 


38 




4'2370 






66046 




98415 








57584 






, 01588 










10.675S9 


0.44053 




10.01501 








«607 




44102 






98405 


34 




42553 










98402 








57401 






mm 










67356 


44250 




016C6 


98395 


31 




9.42690 






10.55701 




9.98391 


30 














98388 








67219 






01616 


08384 


28 




42826 










98381 






42872 






E5605 






26 






10.57083 






10.01627 










57038 


44592 




01630 




24 














98366 


W 




43053 






6£aiO 




98363 


22 






56902 










i 


40 


'43I8B 


10.66857 


9.44787 


^"mim 


10.01644 


9.08366 
98352 


I 








44884 


55116 




98349 








56722 




55067 


01655 


98345 




44 




56677 


44981 




01658 


^^ 




45 


9.43367 






10.51971 




9.98338 












B4922 








47 




56543 


45126 




01669 


98331 


1 


4S 






46174 






S^ 






43516 






54778 




98324 


} 






10.56400 






10.01680 










56365 


"45319 




01B83 






52 


43680 




45367 






98813 




63 


43724 






54585 


01691 


98309 








66231 


45463 




, "'5^ 


98806 










9.45511 




10.01699 


'■^25 




W 


43857 




45559 






^! 








5609» 




M394 




98296 








S6061 


45654 




01709 


^l 




69 






4570-2 






96288 






44034 


65S66 




542SO 


01716 


98284 




"iT 


_0Mln8. 


Swwt 




Twigent. 


CMeamt. 


Sine. 


M. 



GlHlgIc 
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t6» 










163° 


H. 


Bins. 


Coawtnl. 


TmgMt, 


CotiQgent. 


Secnt. 


CuHDe. 


M, 




V.44034 


10.56966 


9,45750 


10.51250 


10.01716 


9.98281 


60 


























541.'>5 




98277 


56 




44) 6S 


55831 


45892 


MIOS 


01727 








41210 


55T90 


























55 




*41^ 


'55703 








*98262 


64 






66659 


46082 




01741 


98259 


5S 




41385 


556IS 








98265 






4442S 






















30.53776 


10,01762 


9.98248 


60 




'14518 


■65481 


■46HI 




01756 


98241 


49 




44659 


5S111 










43 
















47 




14646 


56354 




53687 


01767 




48 




9.14689 


10.65311 


9.46160 


10.53510 


10.01771 


9,98229 


45 




1473* 










98326 












53448 


01778 




43 


18 




65181 


46601 


53399 


01782 


9(1218 


42 


IS 


448M 


K138 






01785 








8.11905 












40 




44948 






'53259 


01793 


'98207 


39 


2i 


14992 


65008 


16788 


53212 


01796 


98201 


38 


2B 


46035 


M965 


16835 






982W 




34 














38 










10.53072 


10.01808 


9.98193 


35 


36 




.■54837 


'16975 


53025 






SI 


21 


16206 


547»4 










33 


3S 












98181 










17111 


52886 


01823 


98177 




30 


B.1533* 


10.&166fi 


9.17160 


10,52840 


10.01828 


8.98171 






16S77 












29 










52717 


01834 


98168 




83 


16482 


61538 


17299 


52701 


01S3B 


98162 




34 


45601 










98159 




8S 










10.01815 


8,98166 


25 








'17438 


'52662 


01849 


98151 




8T 


45632 


51368 


17481 


52516 








38 


156T1 
























mm 










10.54212 


9.17622 


10.M378 


10.01864 


9,98136 


20 


« 


46801 


MI99 










18 


42 


46813 
























01875 


98125 






45927 


61078 


17806 


62191 






16 


4G 


9.16969 


10.54031 






















01887 












47943 


M067 


01890 


E 


13 


48 


48095 


68906 


17989 






13 


48 


16136 














SO 








10.519'^ 


10,01902 


9.98098 










48128 


51871 




98094 


9 




16282 


63738 


13171 








8 


63 


46303 














hi 








51738 










9.16388 




9.48307 


10.51693 


10,01921 


9.9807 


6 




48428 


53672 


18353 










SI 
















S8 








51557 


01^ 


9806 




M 


48552 


53448 


4W89 


51511 






1 


60 


46591 


^ 






01940 


98060 




"mT 


Ckxiii.. 






Tu.p.pt 


Co«canl, 


Bine. 


V 
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17° 












62° 


mT 


Sine. 


ODMSat. 


mg^t. 


Cotanmnt 


Bwnt. 


CMnx. 


mT 





il.46SM 


10.5340« 


9.43534 












46635 


68365 


48579 


■51421 


01944 














51376 


01948 




58 


s 












98048 






46768 


63242 














9.4fi8l» 


10.53M0 


9-48759 


10,51341 
















61196 


01964 


38036 


54 


7 


46882 










98032 


53 


« 


46923 


53tt77 


438M 


61106 




08029 






46964 


68036 


48939 


51061 


01975 


98025 




10 


9.47006 


10.52096 


9.489&1 




10.01979 


9.98021 


60 


11 


47M6 










98017 






470SS 


52914 


49973 


60B27 


01987 










5287S 




50382 


01991 


9B009 




u 


47163 








01995 


98005 


46 


16 


B.47209 


10.52791 








9.96001 




16 




52761 


49252 


50748 


'02003 








47290 




49296 


60704 


02007 




43 


18 










02ini 


97989 


42 






52629 






02011 






30 




10.52689 


9,49480 


10.50570 


10.02013 
















02022 


07978 


39 


22 


47492 








02026 


97974 


3« 


2S 


4T633 


52467 


49563 


5M37 


02030 










6M27 


49607 


50393 


020S4 




36 


16 




10.52387 


9.49662 


10.50348 


10.02088 




35 


36 


47654 


52846 


49696 




02042 






27 


4J694 


52306 


49740 


50260 


02046 






SS 




62286 


49784 


50216 


02050 






IB 




52226 






02054 


97946 


31 


30 


0.47814 


10.62136 


9.49672 








30 


81 




52146 


49916 


50084 








B2 






49960 


50040 


02068 




28 


3S 


47984 










97930 


27 


34 




62026 


60048 










36 


9.48014 


10.51986 




10.49908 


10.02073 




25 


36 










02082 




24 




48094 




60180 




02086 


97914 


23 


38 


43183 


51867 


50^3 


49777 


02090 




22 


38 








49733 


020M 






40 


9.43218 






10,49689 


10.02098 


B.971102 


20 


41 


48252 








02102 


97898 


19 


42 


43292 


51706 


60398 


49602 




97694 




43 


48332 






49558 


02110 


97890 






43371 






49515 




97888 


16 


46 


9.48111 




0.50629 






9.978S2 


15 






'51K0 


.W572 


'40128 










48490 








02126 


97874 






48529 










97870 


13 


49 


43563 


5:432 


50703 










to 


0.48307 


10.5IS93 


9.50746 


10.49254 


10.02139 






52 


S 








02148 


9K^ 


i 


68 


48725 


51275 


50876 


49124 










48764 


51230 






0215S 


97845 




66 


9.48303 








10.02159 


8.97841 


5 


6« 


43842 




51005 










67 




51119 


51048 


48952 




97833 




68 








43908 










4805V 






48865 


02175 


97825 


1 


60 


43993 


51002 


61178 






91821 




K. 


Cotfnt. ] S««it. 


Coungtnt. 


-^i^.C 


C0»c«t 


Blue. 


M. 



Gcogic 
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IS" 






L.|UlthBI. 






ftl" 


K^ 


BIDS. 


CoSKUt. 


Tuigenl, 


0>Ung«.t 


8«&Dl. 


CkMinc 


M. 






10.51002 


9.5 178 








60 








6 '221 


■«779 






50 


2 


4«i7e 




5264 


48736 


02188- 


97812 


58 


3 


40115 


50885 






02m 




B7 






60847 


5 349 










6 






9,61392 


10.48608 


10-02200 




5S 


S 








48B65 


022W 


97796 


54 


7 


49269 


60731 






02208 










60692 


5520 










e 








48437 


02216 


97784 


51 


10 


9.48SS5 


10.50616 




10,48394 


10.02221 


9.97779 


GO 






60576 


5 648 




02225 


97775 










6 691 


48309 


02229 




48 


13 








48286 


02233 




47 


14 


49539 


50461 






02237 


97783 


46 






10JW123 


9,5 819 


10,48181 








16 








48139 


02246 


'97754 


44 


n 


496M 




5903 




02250 


97750 


43 


18 


49692 


50308 


6 M6 






97746 


42 








5988 


48012 








3t) 










10.02262 


9,97738 


40 


21 


'4980<> 








02266 




39 






60166 


52115 








33 








52167 


47843 








2* 








4-800 


02279 


97721 


36 


-a 


9.49958 


10.50012 






10,02283 




35 




49996 


60MI 


■52284 








34 










47674 


02292 




33 


w 








47632 


02296 


97704 


32 


M 


50110 


498B0 






02300 










10,49852 


9,52452 


10,47548 






30 










47606 


02309 




29 


32 










02313 




23 




50261 


49739 


52578 








27 








52620 


47380 


02321 




26 


35 










10,02326 


9,97674 


25 


36 


50974 


'49625 










24 




50411 


49589 


52745 


47255 






23 


38 






62787 


47213 


02338 


97662 


22 


39 


501S6 








02343 


97667 


21 


W 


9.50523 


10,49477 










20 








"52912 


47088 
















47047 




97645 


18 


u 


506.S5 












17 






49327 


53037 










4& 






9,58078 


10.46922 


10,02368 






46 








46880 


02372 


97^ 


U 


41 


50784 


49215 










13 


48 




49179 


53202 








12 










467.56 


02385 


97616 




W 


9.50896 










9,97610 


10 


&1 


50933 


49067 










9 


m 


























02403 


97597 




54 


5 043 


48957 










B 


55 




10,48920 


9.53492 


10,46508 




9,97589 




66 






63533 


46467 


02416 


97584 














02420 


97580 


3 


56 


5 191 












2 


M 




48773 


53656 


46344 








60 


52M 






46303 


02433 


97567 





IT 
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523S5 
52456 
9.S2527 
■5259S 



&29I6 

529S6 
53021 

53092 

5KI61 
53196 
9.53231 
532«6 
58301 
53336 
58370 



97S«8 

97554 

9.97545 
97511 

97532 

9.97623 

97515 



Gcogic 



Table 2. LOGARITHMIC ANGULAR FUNCTIONS. 



20° 






LoB.r 


thn*. 




IS9» 


H. 


Biu. 


CoMcant 


T.nKent, 


10.43§93 


S«H>t. 


Corins. 


H. 




0.S3W6 


10MS96 




9.97299 


60 






465«0 








97J94 




i 


S$47& 














s 


63509 


16191 


66221 


13776 


02715 


97285 


57 




S8M4 


46456 


56264 


43736 




97280 


56 














9,97276 




a 


'63613 


*463g7 




'43653 








7 


53617 


16353 


56381 


43619 


02T31 


S 


63 


9 
















10 


B.63751 


10.16219 


9.56198 


10.43502 


10.02718 


9.97262 


50 




63786 


16215 






02752 


97248 


49 


















13 


63S64 










9K38 




U 


53888 


1611! 


66651 




02766 


97234 


16 




9.63B22 










9.9ri29 


16 






'1KH3 








B7'J21 








46009 


56771 




027S0 




43 




54026 


15975 






02796 


97215 


12 














97210 












10.13113 






40 


21 




16S73 


'm-x 


13W1 


02799 




39 


22 


54161 


45839 


56965 


4.3035 




97196 


38 


23 


511B5 












37 


24 








l'.»58 


02S13 




36 


26 




10.15737 


9.57081 


10.4'2919 


10.02818 


9,97182 


35 


26 


5iaff 


15703 






02822 


97178 


















38 










12803 








2> 


6i3e» 


16601 


67235 


42765 


02837 


97163 


31 


80 


B.5M33 


10,15667 










30 








*57312 


'l2£SS 


'02846 




29 


Ki 


64601> 


15509 


5T351 


42619 


02851 


97149 


28 


83 


64531 


1M66 








97116 


27 




54B87 












26 


SS 








10.12634 






26 


86 


*64636 


'15365 


'57501 


42196 


'02870 


97130 


21 


8) 


61668 


ia32 










23 


88 














22 


8» 






57619 


12381 


ChJ884 






10 


9.64789 


10.16231 


B.57658 


10.42312 




9.97111 


20 




61802 






















12266 








43 


64869 




57772 


t£m 


02903 


97097 






51903 


45097 




12190 




97092 




15 


9.54936 














16 








1'2113 


02917 


97083 




*7 




11997 


57925 


12075 


02922 


97078 


13 


« 


56036 














19 












97063 




W 


9.55102 


10.11898 


9,58039 


10,41%1 


10.02937 


9.97063 




61 


55136 










B7059 


9 














97051 








11798 


53153 


11847 


02951 


97049 




H 




44766 






02956 






M 


9.55'J68 












5 






44699 


'68267 


*11733 








67 


553M 


11666 


58301 


11696 


02970 


97030 




G8 


55367 


44633 














55100 


41600 












«0 




14567 


6M18 


11582 


02985 


97016 





"«r 
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11° 










188'=' 


"mT 


Bine. 


OmkiuiL 


TaoEeiit. 




Utauu 


Gorine. 


M. 










10.41582 










66466 




'68456 








09 




66499 




68493 




02995 


97006 


68 


3 




44468 


68531 


41469 


02999 
















oecoi 


96996 
















9.96991 


56 




'65630 




'S8641 




03014 


96086 


64 




55663 


44337 


58681 


41319 


03019 


96981 




8 






















68757 




03029 


96971 


61 


10 


B.55761 


10.14239 


a,587M 




10.03034 


9.96966 






56793 


442OT 








96962 






55836 




59869 




03043 




48 




56858 




68907 


41093 


03048 


96962 




11 


55891 


44109 


589i4 




(B063 


96947 








10.14077 








9.96942 


45 












'03063 


96837 




17 




44012 


69056 




03068 


96932 


43 


18 


5B021 




























41 








9.59168 




10.03083 






a 


'66118 




59205 


'40J95 


03088 


96912 




aa 


56150 








03093 




















37 


24 






59317 


40683 


03102 


96898 


86 


» 


B.56247 


10.43753 


9.59354 




10.03107 


9.96B93 




% 


56279 










96888 








48689 








968S3 


33 


2S 


66.143 




69466 


40534 


03122 


96878 


32 


29 


56375 


436'J6 


59503 




















10.03132 


9.96868 


30 




'B6140 




'59577 


40123 


03137 


96868 


29 


S2 


66472 


435-J8 








96868 




33 






















59888 


40312 




S6848 


26 




9.66568 


10.13432 


9.59725 


10.40275 


10.(B157 


9.96843 


25 


36 


56599 






10238 




96838 
















96833 


23 




60663 




59835 


40166 


03172 


96828 


22 




66695 


43305 




40128 




96823 


21 




9.66727 












20 








59946 


'lOD64 


03187 


96813 


19 




6fi790 


43210 


59983 


«017 


03192 


96808 


18 


4S 












96808 












39944 














9,60093 


10.39997 


10,CB!07 


9,96798 


15 




56917 


43083 








96788 




























39797 




96778 








42988 


60240 


89760 


03228 


96772 


U 


60 


9.!nm 


10.4as56 
























'96762 


» 






42893 


60349 


39651 


03243 


96767 


a 




67188 




60386 


39614 




96762 




M 
























10.39641 


10.03258 













'6W95 


S95te 


032S3, 


'96737 




67 


67*4 










96732 




68 
















69 








39396 


03278 




1 




67368 


42IM2 


60641 


89359 




96717 




«L 


CDriHB, 


Ootongsnt. 


Tuigenl. 


Cowut 


fflo*. 


hT 



Google 



Table 3. LOGABITHMIC ANGULAR FUNCTIONS. 



32" 












S7» 


M. 


ai>u. 


Cowcmt. 


T»g»l. 


Cotanamit 


Becut. 


CoriDS. 


JL 




9.67358 


10.12642 




ia3t069 


10.CS2«3 


9.96717 


60 




67388 


42611 


60677 


39323 


08289 




59 








60714 


S9286 


03291 




68 










39250 


03299 


Bmoi 


57 




57182 


i'itiK 






03301 


96696 


56 




9.67514 




9.60623 


10.39177 


1003309 












60860 


. 39141 




96686 










60896 


39105 


03319 


96681 


53 




57607 






39069 


08324 


96676 


61 






42362 


60967 


3B03S 


03330 






10 








10.B899S 


10-03335 


9.96666 


60 




67709 






38960 




96660 


19 




67731 


42269 


61076 


83921 


03315 


96656 


18 


13 




42233 


61113 


3SH88 








U 








88852 


03355 




IS 


a 


9.67824 


10.42176 








9,96640 


46 




67865 


42145 


'61220 










17 




42115 


61256 


38744 








IS 










03376 




12 




67M7 










96619 


11 


20 




10.420K! 


9.61361 


10.38636 








SI 








38600 




'96608 


39 


22 


68039 








03397 




38 




6SOT0 


11930 








96598 


37 






41399 


6I60« 


38492 






SE 


26 








10.38456 


10-03412 




36 


26 


68182 












34 




68192 


11808 










38 






H777 


61651 










29 


68263 






38313 








» 


9.68281 


lo.iine 


9.61722 




10.03438 


9.96*62 


80 






41686 


61758 




03414 




29 


St 








38'J06 


03419 






S3 


68376 








03151 


96546 






58406 




61H65 






96541 




S& 




10.41561 


9.61901 










SB 








38061 








SI 


68497 








03475 


96525 


23 




6B627 


4147 


62008 








22 


SO 






62043 


37967 








«0 








10.37921 


10-03491 


9,96509 


20 




68618 




62114 






965M 


10 








62150 










«3 




im 


62185 


37815 


03507 








68709 




62221 




03512 


96488 


16 


16 


9.58739 


10.11'^ 


9.62256 








16 


46 


68789 


4123 


62292 


37708 








IT 






62321 




035a* 






IB 


68829 








03.'33 




12 




5HK69 


1111 


















9.62433 


10,37567 


10.03544 


9.96156 






*K«19 








03549 


96151 


9 




68949 


1105 


















62S39 










M 


69009 






37126 


03566 


96136 




56 


9.69039 








10.03571 


9.96129 


5 




69069 


4093 


'62615 






96421 




n 




•»02 


6JS80 


37320 


03681 






68 






62715 


372S,') 


03687 


96113 


2 




69168 










96408 


1 


80 




40812 


62785 


37215 


03597 


96403 




mT 


CodM. 


S««nl. 


CoUiigent. 


Tuigent. 
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23° 






LosarnbBi*. 




156" 


M. 


»ll». 


CoHODt. 


Taogeol. 


CotangMit 


SOUDt. 


Corine. 


M. 





9.!>aiS8 


10,40812 


9.62786 






9.9M0S 


60 




59218 


10782 




'87180 


036(6 


96397 


69 










37115 


03608 


96392 




















4 


59307 




^926 


3707* 






56 


e 


9.59336 






10.37089 


10,03624 


9.96376 


66 


















7 
















S 


tm-s 


40575 


63066 






96360 


62 




59155 


• 40515 




36899 


03646 


96364 


51 


10 

11 




^"m^ 


'■ffiira 










12 
13 


5954a 


ii 


63'J05 


36795 


08667 




48 


i 


9W^ 




9S 


10 S 




S 

9.96322 


4S 
46 




'59661 


10839 






03684 




41 




59699 








03689 


96311 


43 


le 










0369& 


96306 




19 


59719 


40251 


63449 








41 


20 


9.69778 


10.40222 


9.63481 


10.36516 


10,03706 




40 




59606 








03711 




39 
















as 




59866 


40 34 


63588 








37 




59895 


40 05 




36377 


03727 




38 


IS 








10.36313 


10.03733 


9.96267 




18 




'40016 








96262 




aj 


69983 


40017 










S3 


28 


eaovi 






36239 


03719 


962B1 


32 




«0041 






36201 


03755 


96215 




to 


».6I»79 










9.96210 


30 


SI 


earn 




'63865 


'36135 


03766 


962M 


28 


82 










03771 


96229 


2S 




60167 










96223 


2 


S4 


60186 


39811 


63968 








a 


Sft 




10.39785 




10.35997 


10.03788 


9.9S212 


25 


86 








35963 


03793 


9ffl07 


2 


















88 


60302 


39698 


64106 


35891 








89 








35360 


(BSIO 


96190 


21 


to 












9.96186 


2 




'60386 




'64209 






96179 




42 




39583 




35757 


038'2e 






43 








35722 


03832 


96168 
















96162 




45 




10.3M97 


9.61346 










46 


60532 


3M68 




'35619 


03819 
















03864 


96146 






60589 














49 


60618 


39382 


64483 










60 




10.3ta51 




10.86483 


10.03871 


9.96129 
















96123 






60704 


39296 


61586 










B3 


60732 


39288 




S5380 




96112 




61 




39239 






03893 


B610T 
















9,98101 




M 


'60818 


391^ 


'617K 


'35278 








67 




39164 




B62« 


03910 


96090 






















60903 


39097 


61824 






96079 




W 


60931 


39069 


M858 


36142 


03927 


9607S 




M^ 


C«liie. 


Se«nt. 


Cotangeut 


TangeDt 


COBHSQI. 


StD^ 


"mT 



Table a. LOGARITHMIC ANGULAR FUNCTIONS. 


301 


24= 






Las>ritbn>. 






SS" 


H. 


Bine. 


OoKODt. 


TKKg^Dl. 


Coluigent. 


Swuit 


Cedm. 


»z 






10.89069 


9.64858 


















'35108 


03933 


96067 














OS9S8 


96062 






E1016 


33964 


64960 


35010 




96056 


57 






88955 


64994 


35006 
















10.3497i 


10,03955 


















96039 


54 




61129 




6W96 




03966 


86034 






SUBS 


88812 


65130 




















03978 




61 


ID 


e.612I4 








10.0S9SS 


9.96017 




U 


612(2 


38758 


'65231 












61270 


38730 


65265 


34735 


08995 




48 












OIOOO 


98000 


47 


14 










04006 


95994 




18 


9.61354 


19.38646 


9,65366 














38618 


65400 


34600 






44 


X! 










OI023 




48 


IS 










04029 


95971 






61466 


88534 


65501 


34499 


MD35 






20 






9.65535 


10.34465 


10.M040 




40 


33 












95954 


39 


22 


6i5» 










95948 




23 


61578 


38122 


65636 


34364 




95942 






61606 








OI063 




36 


3» 












9.95931 




26 


'«1662 


'38338 








95925 






61689 


3S3U 


65770 


34230 


040HO 




33 












M086 




32 


2» 










W092 


95908 




80 


9.61773 


10.38227 


9.65870 














seaio 




'34096 


04103 




29 


82 












95891 


28 


SS 


61B56 




65971 










S4 


61883 


S8117 


66004 


33996 






2G 


t5 


9,61911 


10.38089 


9.66038 




10.04127 


9.95873 


25 




61939 




66071 






95868 






61*66 


38034 


66104 


33896 






28 




61994 






33862 


04144 






S9 










04150 


95850 


21 


40 


9.62U49 












20 


41 


63)76 


87924 


'66238 










42 








33729 


(Hlfi7 




IS 


4a 










04173 


95827 




44 


62159 










96821 




4& 


9.62186 


10.37814 


9,66371 




10.04185 






46 


62214 






33596 


04190 


95810 


14 














95804 




48 






66470 










40 




S77W 


66503 








n 


to 








10.33463 


10.04214 


9.95786 


10 


















62 


62377 


37623 


66603 








s 


U 


6240S 


37595 




33364 


04231 


95769 


T 




62432 










95763 




U 


B.G21M 














£6 


62486 


"37514 


66735 










B7 








33232 


04255 


95745 


8 


H 














2 


W 


62563 


37432 












66 


ff^ 


87405 


6686- 


33133 


04272 


95728 





M. 


Codnt. 


Scant. 


Cotugent 


THig™t. 


Cowant 


Sine, 
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25" 






L.fr 


am: 






54= 


M~ 


Bine. 


<\>»ClH|t. 


T«igen(. 


CotangeDt 


BaoDl 


Cosine. 


M. 


T 


B.62S95 


10.37405 


9.66867 


10.33133 


"S 


9.95728 


60 












9S722 


59 




6264S 












68 


s 


fi2676 




66966 


330M 










62703 


87297 


66990 


83001 


04296 


95701 
















9.9B6B8 


55 














95692 


61 


7 


















62811 


87189 


67131 




01320 


95680 
















96674 


51 


10 








10.32801 












87108 


eTZffl 


3'J771 


01337 


■»6663 








37082 


67262 


32788 




95657 


18 
















47 


M 






67327 












9.62999 


10-87001 


9.67360 


10.32640 


10.01361 


9.96639 




16 




36974 








96633 


14 


17 












96627 


43 


19 


63079 


,36021 


67458 




04379 


96821 






63106 


36894 


67491 


3'JS09 


01385 


95615 




20 














40 


!l 
















22 


631S6 


36814 


67589 


32411 


04105 


95597 




23 








32378 




95591 


















86 


!S 




10.36734 




10.32313 


10.04421 


9.95579 


35 


26 




36708 


"67719 


32281 


01127 


95578 


84 










32il8 




95567 


33 
















82 


» 


63372 


30628 


67817 






95555 




to 


9.63398 


10.36602 


9.67850 


1O.32IS0 




9.9K19 


















29 


82 


63451 


36549 


67915 




01463 


95537 


28 


S3 


63173 


36522 


67917 


32053 




95531 












32020 






2fl 
















25 


S6 




304*1 


'68014 




01187 


96513 




37 








31923 




95507 


23 














95500 










63112 








21 


ill 


B.63662 


10.36338 


9.68174 


10.31826 


10.01512 


9.95188 


20 














95482 


















18 




63741 


36259 


68271 




04530 


95470 


17 




63767 






31697 


04538 


95461 








10.36206 


























14 


47 


63846 


36154 


68400 


31600 


04554 


95146 


IS 


48 




36128 












49 
















W 


9.63924 


10.36070 


9.68497 


10.31503 


10.01573 


9.95427 


10 


61 


M950 


86060 








9M21 


























68593 






95109 




54 


64028 


35973 


686M 


31374 


015« 


95103 


6 


» 




10.85916 
















35920 


*63690 




'01609 


'95391 






64106 


85894 


68722 


31273 


01616 


95384 


3 


5S 


64182 


S5S68 


6S7M 






' 95378 


2 


M 




35M2 












00 


64181 




68818 


31182 


M831 


95366 





V 


Corin,. 


"S^'tT 


OotiuiBenl. 


T«,g«,t. 


Co»«nl. 


Sln«. 


"mT 



Table 2. LOGARITHMIC ANGULAR FUNCTIONB. 



lep 












S3° 


M. 


Sine. 1 C«Ksnt. 


Tangent. 


Osttngmt 


SMUt. 


CO>ill«. 


i 






10.35816 




10.31182 


10.Mfl34 




60 








68850 




04640 




59 




M23G 




68882 




04646 


9S354 


58 


3 


61262 


35738 


68914 


31086 


04652 


95348 


87 




fl«88 


35712 


68946 




























*tH3^ 




'69010 


30990 


04671 


■9S3J9 


54 




64365 


85635 


69042 


30958 


04677 


95323 


53 




































9.64442 


10.35558 


9.69138 


10.80862 


10.04696 


9.95.104 


50 






35S32 


69170 


30830 




95298 










69202 










13 




35481 


69234 


30766 


01714 


9B2S6 


47 




6)5*5 


35455 


69266 


30734 


01721 


9W79 


46 






10.3542S 


9.69298 










IS 






69329 










17 


64622 


35378 


69361 


30639 


047SB 


95261 


43 






3635S 


69393 






9W54 


42 


















V) 








10.30543 


10.04758 


9.95242 






64724 


35276 


89488 


80512 


W7M 


95236 


89 






35251 


69520 
















69552 












64800 




69584 


30416 


04783 




36 




9.648M 


M.35174 


0.69S1S 


10.30385 




9.9M1I 


35 


26 






69647 
















69679 




M802 




33 


2S 


64902 


3509S 


69710 


30290 


O4S06 


95192 


32 


2» 




35073 






01815 






BO 








10.30226 






30 


81 


"64978 


'35022 


69805 


30195 


"04S27 


'16173 


29 


32 


65093 


3499! 












33 






6986H 












65064 


34M6 


69900 


30100 


04846 




26 


3& 


9.65079 


10.34921 


9.699«(2 


10.30068 


10.04852 


9.95148 


25 


36 




34896 


69963 








24 








69995 








a 


88 


651 S6 




70026 


29974 


04871 


95129 




89 


65180 


34820 


70O58 


29942 




95m 


21 


«} 










^"'WMO 


'95110 


20 


«2 


652S5 


34746 


70162 


29848 


04897 


95103 


18 








70184 








17 


U 




346M 








95090 




V, 




10.34669 




10,29753 


10.04916 


9.95084 




46 


65356 


34614 


70278 


29722 




95078 










70309 


























« 


654S1 


34569 


70372 


296* 


04911 


96059 




60 




10.34544 


9.70404 


10.29596 




9.95052 


10 


















M 


65506 


14494 
34469 


70466 


p^ 


04%1 
04967 


95039 
95033 


* 


















bS 


S.6S680 


10.34420 




10.2944r 


10.0498r 


9.95020 




66 
67 


6560S 
65630 


34395 


70623 


29108 




95014 


3 


S8 


65665 








M999 








65680 




70685 




06005 


94995 




60 


65705 


34295 




^"«™'- 









M. 


CoHnt. 


SkwiI. 




SiDt 


M. 



Gcogic 
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17° 










tS3° 


JL 


Bine. 




T.ng«»l. 


c™.i.g™t. 


Se»iit. 


Coaliie, 


U. 






10.34295 






10,66012 


9,MS88 


60 




55729 










94982 


69 




6S754 


34246 


70779 


29221 






58 








70810 


29190 


05081 


9I960 










70841 


2S169 


OG038 


M962 






e.6583S 


10,34172 










66 




e5!*53 


34147 


70904 


'29098 


*06051 












70935 


29065 


06057 


94948 


53 










29034 




M936 






55927 


34073 


70997 


29008 






51 








9.71028 


10.28972 


10.06077 


9.W^ 


60 










28941 










66001 


33999 




28910 




94911 


48 




««K5 


3S97B 


7im 


2SS7B 


06096 


»49H 


47 








71163 


28847 


06102 


94898 












10.28816 




9.M891 


4S 




66099 


33901 


'7J216 






94885 






66124 


33876 


71246 


28754 


05122 














28723 


(ei29 


94871 












28692 






41 




9.66m 


10.83803 


9.71389 


10.28661 












33779 




28680 


05148 














28599 




94»15 




23 


66270 


33730 










37 






33705 


71462 


28638 


06168 












9.71493 


10.28507 




9.94826 




26 








28476 




94819 




17 


66368 


33532 


71665 








33 






33608 


71596 


2M14 


05194 




32 












06201 


94799 




30 


9.65441 












30 






33535 


71679 


'28321 


'05214 




29 










282S1 


05220 


«780 




33 


65513 




71740 




06227 


9477S 




34 


66537 


33463 


71771 




0S233 




26 






10.33438 


9.71802 


10.28198 


10.06240 


9,94760 


2S 


38 








28167 


06247 


94753 




37 


66610 


33390 


71863 










38 




33S66 


71894 


28108 






22 


SR 








28075 


05266 


94734 


21 


40 


9.«eas2 




9.T1955 






9.94727 


20 




66706 


'33294 


71988 






94720 




12 


66731 


33269 


72017 




06286 




18 


43 










06'293 


94707 










72078 






«700 




*5 


9.66B0S 


10.83197 


9.72109 


1027891 




9,94691 


15 


46 








p60 


05313 


94687 
















M«80 




48 


66875 




72201 


27799 










56899 


33101 


72231 


27769 


05333 


94067 


M 












10.05340 


9.94660 


U 


61 


'6«»4« 




'7^298 






94654 




52 


66970 


33030 


72323 


27677 






8 












05860 


94640 




















55 


9.67042 


10,32958 


9.72415 






9,94627 




56 




92934 


72445 


'27555 


06380 


94620 


4 












05386 


94614 


3 


58 










05393 


94607 




59 


67137 


32863 


72537 




06400 


94600 










72567 


■27433 


06407 


94593 





T" 


Coidne. 


SMtmt. 




Tuigent, 


UoKXSDt. 


Sloe. 


"mT 



Table 2. LOGARITHMIC ANOULAR FUNCTIONS. 



9.«809S 
«S144 



94513 
»44>9 

9M72 

e.»M58 

»444& 

W44S1 

'9M17 
M410 

«a97 

'94883 
H376 
M8«9 

9iM1t 

"m314 
94307 
M300 
W293 
9MW6 



Google 



LOGARITHMIC ANGULAR FUNCTIONS. Table 2. 



29» 






Logar 


thou. 






SV> 


'h. 


Sin*. 


G»H»Dt. 


TMigeBt. 


CoUngsnt 


Becuit. 


C«inh 


M. 




9.68557 


10.31443 


9.74375 


10.25625 


10.05818 


9.M182 


60 




«s6ao 


31420 


71405 


26596 


05826 


91175 


59 




essoa 
































M648 


31352 


744W 


25506 


06846 


91151 


5« 




S.M6J1 


10.31329 


9.74624 


10.25176 


10.05853 


B.M117 


55 




686»4 






25446 






















63 




68739 


31261 


74613 


25337 


06874 


94126 


53 




69782 


81238 




253S7 


06881 




Bl 




















"68807 


'31193 


'74702 


'26298 


"06895 


*9410S 






68829 


3I1T1 


74732 


25268 


06902 


91098 


IS 






31148 




26238 




94090 












25209 




910B3 






9.68897 


10.31103 


9.74821 


10.26179 


10.05924 


9,91076 


46 




68920 


31080 


74851 


25119 




94069 






68942 










94062 








31035 








91055 




1» 


68987 


31013 


74939 


25061 


05952 


94048 


41 


20 


9.69010 


10,30990 


9.74969 


10.26031 




9.91W1 


10 




69032 


30968 
















30945 








M027 




as 


69077 


30923 


75068 


24942 


05980 


94020 




44 


G9100 


30900 


7.5087 


24913 




91012 








10.30878 












IB 


'S9144 






*24S51 




'93998 




37 


69167 


30833 


75176 


24824 


06009 


93991 


33 


M 


69189 


30911 


75206 






83964 


33 


29 




30788 






06023 






SO 


9.69234 


10.30766 




10.24736 


10.06030 


9.93970 




SI 


69266 


30744 


75294 


24706 


06037 


93963 


29 






30721 






06045 




28 


3S 




30699 












84 


69323 


30677 


75382 


24618 


06059 


93941 


26 


Sfi 


9.69346 


10.30655 


9.75411 


10.245S9 


10.06066 


9.93934 


25 








75441 




06073 




21 


37 










D60S0 






SS 


6W12 


30588 


75500 


24500 


06088 


93912 




ae 




3lfi66 


75629 


24471 


06095 


93905 


21 
















D 




'69479 










93S91 




42 


69501 


3M99 


75617 


243S3 


06116 


98881 




43 




30177 




24353 




93876 




44 












98869 




s 












9.93862 




46 


69589 


30411 


'75735 


24285 


06145 


98866 








30389 


T5764 


24236 


06153 


98847 




4B 












93840 




48 




30345 






06167 






50 


9.69677 


10.30323 


9.75852 


10.24148 


10.(56171 


b:93826 






69699 










93319 






69721 














53 


69743 


30257 


75939 


24061 








M 


69765 


30235 


75969 


24031 


06203 


93797 














10,06211 


9.93789 








30191 












67 


69831 


30169 


76056 


23M4 








Gg 


69653 




760B6 


23B14 


06232 


93763 


2 














93760 


1 


60 


69897 


80103 


J6144 


23856 


06347 






"mT 


Codne. 


SeeiBt. 


Cutongenl. 


T«g«t. 


CoKont. 


Sins. 


"mT 



Tables. LOGARITHMIC ANGULAK FUNCTIONS. 



30" 






LosarntaH*. 




uv 


H. 


nn*. 


Coi«Ml. 


TjLng™i. 


Cd..«,(«t 


ioant. 


C«4ne. 


M^ 





9.fl*6S7 


10.30103 


9.78141 


10.238S6 




9.93IS3 


80 




69919 






. 28827 


06254 


98746 


60 




SW41 




7G202 


23718 


03282 


93738 




3 


69963 




76231 


23769 


06269 


93731 




4 


6W84 


30016 


76281 




06276 


99724 


6« 




9.70006 


10.29994 


9.78290 


io.23no 


10.06283 


9.93717 


55 










23631 




98709 






70060 






23652 


06298 


93702 




8 






7637T 


23623 


06306 




51 




7009S 




76406 


23394 


06813 


99687 


SI 








9.76435 




10,06320 








'70137 


'29863. 


76464 


23536 




'99673 


49 




70169 


29S41 


7649S 


23607 


06336 


93665 


48 


IS 


70180 


29820 






06842 


99658 






70202 




76631 








46 


IS 




10.29776 


9.76580 






9.99613 


45 




70245 


297SS 




23391 


06364 


9S636 






70287 






23381 


06372 


98623 


18 


IS 


70283 




78668 


28832 




9S62I 


it 


19 


70310 


29690 


76697 




06383 


93614 


41 




0.70332 


10.29663 


0.7872S 


10.28275 


10.06894 


9.93608 


40 


21 








23246 




93599 


N 


32 


70S7S 












38 


23 


70396 


29604 




23188 


06416 


98584 






70118 


29682 


7^2 


23159 


0M23 


93577 


16 










10.23130 


10.06431 


9.93569 


35 








*78899 




06438 




34 






29518 


76928 


33072 




93554 




2S 


70604 




76967 


23043 


OMM 


93517 




2» 


70526 




76986 








>1 


3D 




10.2M53 


B.77015 




10,06468 




80 




TOefiS 


29432 


77041 


22956 


06175 


93525 


29 




70690 


29410 




22927 






28 


S3 








22899 








S4 


70633 


29367 


77130 




06498 


93502 


26 


ss 


9.70654 


10.29346 


9.77169 


10.22841 


10.06605 


9.93496 


25 


M 












93187 


24 
















23 


W 


70718 




77246 




06528 


93172 




39 


70739 


29261 


77274. 


22726 


06535 


93466 


SI 


40 


9.70761 






10.22697 






20 


41 
















42 


70603 


29197 


77361 




06558 


93442 




43 


70S24 


29176 


77390 


22610 


06565 


93135 


17 










22582 






16 


46 












9.93120 




4« 


'70888 


29112 


■77479 




06588 


93412 






70909 


29091 


77606 


22195 


06595 


93105 


13 


48 








22487 






12 


49 












S3390 




BO 




10.29027 


9.77591 


10.22109 


10.06618 


9.93382 


10 


ei 


70994 


29006 










9 






28983 












53 




23964 






06640 


98360 




M 


71058 


28942 


77706 


22291 


06648 


93362 






9.71079 


10.aw21 




10.22286 






5 


M 














4 


K 




2»t79 








93329 




fie 


71142 


28858 


77820 


22180 








GO 
















SO 


71184 


28816 


7787T 


22123 


06693 


93307 





M^ 


CodBB. 


8«Hlt 


C»u^™t 


TtDgent. 


C««*iit. 


Sine. 


IT 



LOGARITHMIC ANGULAR FUNCTIONS. Table 2. 



31" 






LOgT 


UlD>. 




148" 




GlDt. 


Conunl. 


TanKCiit. 


(■oBng™t. 


SwanL 


Coiliie. 


H, 




fl.ni84 


10.28816 




10.22123 




9.(0307 












22094 


'06701 


9^99 


59 








T7935 


22066 


06709 










28763 




22087 




93284 






71288 






22008 










9.71289 










9.93269 


55 






*!S630 


■780)9 


21951 


'0S739 


93281 






71331 






21923 










71852 






21894 




98216 














06762 


93238 


51 








B.78 63 


10.21837 










7H14 


28586 


78 92 






98223 


49 






^ 










48 








7S24R 




06793 


93207 










7B277 


21723 


06800 




46 




9.7 438 


10-28502 


9.J8306 


10.21S94 






46 














'98184 












21837 


06823 


93177 






76«0 


28440 




21609 












28419 


















9.78448 






9,93154 


40 


21 


71622 




78476 


21624 


06854 




39 


22 


71643 


28367 


7S50B 


21496 








23 






8533 




06869 


9S131 




24 










06877 


93123 


36 


■a 


9.71706 




9.8590 


10,21410 


10.06886 


9,93115 




26 


71726 


28274 




21382 


06892 












78647 














28233 






06008 


93092 


32 


29 


71788 


28212 


787M 


21296 


06916 


03034 




SO 


9,71809 


10.281 1 














71829 








'06031 


93069 


29 


32 


718*0 


28160 


78789 


21211 


06939 


93061 


28 




71870 


281S0 


J8817 


21183 


06047 






S5 


9.71911 




9.78874 




06954 
10.06962 


93M6 
9.93038 


1 


S« 


71932 


28068 


78902 


21098 


06970 


93030 


24 






28048 








93022 


23 


38 


71973 










93014 






719M 


28006 


78987 


21013 


06993 


93007 


21 


« 


9.72014 


10.27986 


9.79015 


10,20985 


10.07001 


9.92999 


20 




















72065 










92903 


la 


« 


7207S 




79100 


20900 


07024 


92976 


17 




720M 


■27904 




20872 




92968 








10.27884 












46 


"721S7 










'92962 


14 




72167 


27843 


79213 


20787 


07066 


92944 




« 


721J7 


2JS2S 








92936 












20731 








50 


11 


27762 


B.79297 


10.20703 
20674 


10,07079 


9,92921 


10 


63 






7M82 


20646 
20618 


071M 


92SB7 


! 


M 


72299 




79110 


20590 




92889 








10.27680 




























67 


723«0 






20506 




9-^866 


3 




72SS1 


27619 


79528 


20177 




92868 








27699 








92860 




GO 


72121 




79579 


2^21 


07158 


B2842 





"mT 


CodDB. 


s™t,t. 




T«IE«lt. 


COHCUI. 


Blie. 


Z 



Google 



Table 3. LOGABITHMIC ANGULAR FUNCTIONS. 



32° 






Losarittaaif. 






*r> 


M. 


etn.. 


GMBCml. 


_^»«°JL 


CoBBgent, 


8H.nt. 


Cm4ij8._ 


H. 






10.27579 


10.20421 


10,07158 


9.92842 


60 




■t2M1 


275M 


79607 


20303 




92834 


59 










'9365 














79663 












72502 


27)98 


79691 


0309 


07190 


92810 


66 




9.72522 


10.27478 




10.20281 






55 




72M2 


















27438 










53 




72682 


27418 


79804 


20196 


07^21 


92779 


S2 




72602 




79832 
















9.79360 










1 




27357 


79888 


'aoii2 


'07245 




49 


12 


72663 








07253 




48 




72683 




79944 


















20028 






46 






J0,27277 


9.80000 


10-20000 


la07277 


9,92723 


45 




727« 


27257 






07285 




















4S 








80084 


9916 




92699 


43 




72803 


27197 


30112 


9SBS 


07309 


9J691 


41 




9.72823 






10. 9860 






40 




728<3 




80168 


9832 










72863 




80195 


9805 




92667 


38 




72883 


27117 


80223 






92659 


3T 




72902 




























35 






'27058 


mm 


■ 9693 




92^5 


34 




72962 






9666 










72982 




















80391 


9809 


07389 


92611 


31 




9.73022 


10.26978 


































80474 


9526 


07113 


92587 


28 




73081 


26919 


80502 


9498 


07421 


92579 


27 




73101 




































80586 


■ 94U 


07445 


■92555 


24 




73160 


26840 




9386 




92546 


28 




73180 




















80669 






92530 








10.26781 


9.80697 




10,07478 


9.92522 


20 


<1 


782S9 














42 
















43 






80781 


0219 


07502 


92498 


17 




73298 


26702 


80S08 


9192 


07510 






4S 


9.J3318 


10.'J«682 




10, 9164 




























26643 


80892 


9108 


07535 


92465 


13 


48 


73377 


26623 










12 


















fiO 






9.80975 


10, 9025 


10.07559 


9.92141 


10 


ei 


■73435 


26565 


81003 


8997 


07667 






B2 


7S4S5 


26545 












GS 
















M 






81086 


8914 


07592 


91108 


t 


W 


9.73618 


10.26487 










6 


w 




















26448 






07616 


92384 




u 




26428 


81196 


8804 


07624 




2 


w 


7SS91 














to 




26389 


81252 


8748 


07641 


92359 





"mT 


Corfne. 


8eo.nl. 


Col«ig»t. 


!«*.«. 


CoWCMt. 


81ne, 


mT 
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T«ig«nt. CoCangei 













































































07881 



Table 2. LOGAETTHMIC ANGULAR FUNCTIONS. 



w 










HS" 


M. 


Bins. 


GdhwuI. 


T»ogenl. 


CoUngimt 


H™ot 


CodM. 


M. 






10.25^4 


9.82899 








60 


1 


747T5 


25225 












2 




25306 


S29&3 


7017 


08160 


91810 










82980 


7020 


08168 










25169 


S30DB 


6992 




91823 




S 


9.74860 


10.26150 




10. 6965 




9.91815 


56 




74868 




830B2 


6938 


08194 


91806 


H 








83089 




08202 






8 


74WS 


26094 














74924 






16856 


08219 


91781 


SI 




9.74948 




9,88171 


19.6829 


10.08228 


9.91772 


50 


U 




26039 












12 


71980 


25020 










48 






26001 


83252 


6748 


08254 


91746 




14 




24983 


83280 








46 


1& 


B.7S038 


10.M964 










46 


le 


76054 


21946 




' 6666 




'91720 


44 








83381 


6639 


08288 


91712 




18 




24909 












IB 


- 75110 


24890 






08305 




11 


30 


B.75128 






10. 6558 


10,08314 


9.91686 










■8S470 


6530 






39 


22 




21835 










38 


23 


76184 


2*816 










37 


34 


76202 




83551 


6449 


08319 


91651 


36 








9.836-8 


10.6122 




9.91643 


35 


36 




31761 












27 








6368 


06375 




33 








83659 


6341 


08383 


91617 


32 


2ft 




21706 


83680 










SO 


9.75318 


10.21687 




10. 6'287 






30 


tl 


76331 


24669 


83740 


6260 


08109 


'91591 


29 


S3 




21650 




6232 




91M2 


28 


ta 


76368 


31632 




6205 






■a 


u 


75388 










91565 


26 


» 






9.83849 


10. 6151 


lO-OSMl 


9,91566 


25 


S6 






88876 








24 




75441 






16097 


68162 


91538 


23 




75459 






6O70 


06170 


91530 


22 








83957 


6043 






21 


M 




10.24504 


9.83984 








20 




75514 


2H86 




' 5989 




'91504 


19 


43 


76638 




84038 




08505 






43 






840S5 


15936 








44 


76669 


31431 












46 


9.75687 


10.24418 






10.0B531 


9.9t169 




46 


76605 


21395 






08M0 












M173 


5827 








48 




31358 












4> 


T5660 








08567 


9t1JJ 




SO 


9.75878 




9.84254 


10- 5716 


10.08575 




10 


51 
















82 


75714 


31286 








91407 




63 


75733 








08602 






« 






84361 


6689 












10.24231 












« 


75787 


24213 




' 5586 


'086^ 






6T 


7S80S 






5558 








S8 


758'a 




81469 


5531 
























CO 


75859 


21141 


84528 


151J7 


08664 


91836 




M. 


Codnt. 


SecKiil. 


C«a.«™t! T««.,.t. 


COiBOHlt. 


Bine. 


mT 



Gcogic 
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24(«T 

10.24051 

2401 S 



85674 
9.85727 



08690 
dSeS9 
10.08708 
0S7IT 
08726 
08734 



9.91836 
S1319 
91301 



91212 
9.9120S 

91185 

91176 
91167 

'91149 

9I1»2 



10.14MO 
14513 

14460 

10.14406 

14353 



14193 

14166 

10.14140 



90906 
9.90387 



Table 2. LOGARITHMIC ANGUf-AK FUNCTIONS. 



36" 












43" 


H. 


Sine. 


Coioanl. 


liogsol^ 


GMkni^DL 


Secant. 


CmIm. 


'K. 




9.76102 




9.86126 


10.3874 


10.09201 








23061 


661.U 


3847 




'90787 


59 






23013 


86179 








S8 


3 


76974 




66206 


13794 










76991 


23aoa 




13768 


09241 










10.22991 




10. 3741 


IO.OMBO 


0.90760 


» 








862^ 








H 


7 








3688 










77061 








09278 


90722 


53 






22922 


86365 






90713 


61 


10 








10. .M08 


10.09296 








'77112 








09W6 




49 


13 




g 


86471 


3529 




906S5 


48 


14 






SMM 


3502 










B.77181 






10. 3176 


10-09343 




45 




7J19» 


'■22801 


'86551 


3449 




90648 








22JS4 


86577 




09361 


90639 




18 






86603 


3397 










77250 




86630 








41 




9.77268 


10.22732 


9.866B6 


10.13344 




9.90611 




21 




22716 


86683 


3317 






SI 


22 


77302 






13291 


0910S 




38 




77319 


22681 




3264 


09U7 


90683 


S7 






22664 


86762 






90574 




SS 




10.22617 


9.86789 


10,3211 






SG 


26 








13185 


09145 




34 




77387 










90546 


33 






22595 


86868 


13132 






32 


» 




22578 




3106 








80 


9.77439 


10.22561 






10,09182 


9.90618 


30 




77456 


22514 


'S6947 






90509 


29 


32 






86974 


3026 




9M99 


28 


S3 




22510 






09510 








77507 










90480 


91 






10.22176 


9.87053 








2S 


36 








2921 








87 


77558 








09518 




23 




77575 


2242S 








90143 


22 






22408 


87158 


2812 






21 


40 


9.77609 




9.87185 


10, 2815 


10.09576 




20 


41 


77626 






2789 


09585 


90415 


19 




77613 


2J357 


8723S 






90405 


IS 




77660 


22310 


87261 


















2719 


09611 








9.77694 






10, 2683 


10,09623 


9.90377 


15 








*87313 






90368 


14 






22272 












48 


















77761 








09661 


90339 


11 






10.22222 


9.87118 


10 2552 




9,90330 




Gl 


'77795 




87175 


2526 








fa 


77812 






2499 


09689 


90311 


B 




77829 


22171 


87527 






90301 










87554 










5& 


B.77862 




9.87580 


10. 'iiao 


10,09718 








77879 






2394 


09727 


90273 


4 






i^lM 


87633 






90263 


3 


GS 






87659 


■2311 




90254 




GS 






876W 


M15 


09756 






60 


77946 


m^ 




Tsn^nt. 


09765 


90235 





IT. 


~Co*n». 


Seant, 


CoRcnr. 


Sin*. 


_Mi 



Google 
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21!»8 

21326 

10,21308 

2129S 

21261 

10.21228 
21212 

21179 



ll 0>tatigetiL| Tuig«n1 



Google 
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38" 






Logmr 


tbm*. 




WC 


mT 


BlDK. 


COSKSUL 


Tsogent. 


CotengcDt. 


Ssont. 


Coiius. 


H. 






1O.M066 


9.89281 


10.10719 


10.10317 


9.89668 


"m" 
















6> 








89333 










3 




2 017 


89359 


10641 


10376 










21001 




10615 


10386 




66 
















66 






*20969 












I 


79047 


S 


SMS.'i 


10537 


10116 




M 














S 






8.79095 


10.20905 


9.89541 


10.10159 


10.10146 


9.89654 


» 


11 


79U1 


20889 


89567 


lOlOT 


1(M5« 


89514 


i 


















14 


79160 


20M0 




10355 


1W86 


89514 


46 


15 


9.79176 


10.20824 


9.896J1 




10.HM96 


8,89501 


45 














89195 




















18 


792M 


20776 


89719 


icesi 


lOS'fi 


89175 


12 


1> 


79240 


20760 






10535 


88165 


41 
















10 






'20728 




10173 








22 


79288 


20712 


89953 


10147 


10665 


89135 


38 


SB 






89879 






8M25 


87 


24 
















15 




10.20665 




10.10069 






36 


2S 


79351 


20619 


'89957 


10O13 


'10606 


89896 


34 


27 














33 


28 








09991 












20601 


90035 


09965 








SO 


9.79115 


10.20585 


9.90061 


10.09939 


10.10646 


8.89SM 


30 








90086 










S2 








09S88 






28 


83 


7M63 


20537 


90138 




J0676 






S4 


79478 


20522 










26 
















26 


se 




20190 




'09781 








BV 


79526 


2W74 


90242 


09758 


10716 






S8 


79642 




90268 




10728 




















21 


40 


9.79673 


10.20127 


9,903a) 


19.09680 


10.1O74S 


8.39251 


20 




79589 


20411 


90346 


09651 


10756 


89244 




42 


79608 












IS 






















20364 


90123 


09577 


10787 


89213 




4& 


9.79652 


10.20318 




10.09551 


10.10797 


9.89203 


16 


46 


79668 












14 








90501 










48 






90527 


■ 09178 


10827 


89173 




49 


79715 












11 


GO 






















90604 


09396 


'10858 


'89142 




ez 


79762 










89132 




^ 






90656 


09344. 






7 








90682 










u 




10.20 91 


9.90708 


10.09292 


lal0899 


8.89101 




66 


79825 


■20 75 


























3 






20 44 










2 


» 




2012S 


90811 




10940 


89060 




eo 


79887 






09163 




89060 





"mT 


Cofdne. 


8»»iit. 


CotHugmt. 


T.pg.nt. 


Ca»«Dt. 


Stne. 


M. 
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8MT3 
8(M89 

80519 
80534 
£0550 
8056& 
S.80&9O 
80595 
80610 



9.8879S [ 
S877! ! 



Ta 


bleS. L 


)GARITF 


MIC ANOULAn 


FUNCTIONS. 
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40" 






L0B.r 


thmi. 


tSV 


^ 


Sti>. 


Co^B™ll. 


TMgSllt. 




SenuiL 


Celine. 


K. 




9.80807 






10.07619 


~lor ,575 




00 




waa 














2 


80637 


19163 








88404 


58 






19148 


92158 


07612 


606 


88394 , 


87 












017 






5 


9Joeg2 
















8Ce97 


19103 


■925.1s 




638 


■883a'2 


54 






19088 


9'i561 


07439 


619 


88351 


53 


S 
















9 


















9.80957 


10.19M3 


9.9'2638 


10.07362 


10. 681 


9.88319 


50 










07337 


592 






















13 


BlOCfi 


18998 


9271S 












81017 


18983 


92740 


07200 


721 


88276 


46 










10.07234 






46 


16 


S1C61 


18939 


928 17 




756 


8^4 


43 


is 


81076 


18924 




07132 


766 




42 


an 






9.928M 












"aim 


18879 


9292D 




799 


88201 


30 


22 


81136 


18861 


92915 


07055 


809 


88191 


3S 


2a 










820 




37 


24 






929V6 








36 


25 


9.81180 


10,18820 


9.93022 






9.88158 


36 


2e 


81195 


18805 






852 




















33 


28 






93099 










2B 


81240 


18760 


93m 






88115 


31 


80 


9.81251 


10.18746 


9,93150 


10-06850 


10. 895 


9.88106 


30 
















29 


82 




18716 


93201 








28 




1299 


18701 


93227 




1928 


88072 


27 




13U 


18686 




06718 






20 


B5 














25 


86 


' 1348 


' 18667 


'93303 








24 




1358 


18642 


93329 




11971 


88029 


23 


88 








06616 






22 


39 


















9.31402 


10,18.^«8 


9.93400 








20 




81417 


18583 


93431 


'06.589 


'12015 


'87985 


19 










06548 








43 




















18M9 


93S08 






87953 




M 


9.81175 


10.18525 


9.93533 


10,06167 


10.12058 
12069 


9.87W2 


15 


47 








06416 








43 




18481 


93610 


06390 




87909 


12 




15S4 


18466 


93636 


06364 


12102 


8-898 








10.18451 




10.06339 








51 












'87877 




S2 


1578 


18422 


93712 




12134 


87866 


8 












12145 


















87M4 




5s 


9. 1622 




9.93789 










1 


1636 


'18364 


93814 


'06180 


'12173 


'87822 


4 


1665 


18335 


93865 


06135 


12200 


87800 


2 


1691 


18306 


93916 


0S084 


12222 


VlZ 





mT 


"ciiiihis." 


SBHLnt. 


CM^ugeM. 


Tuigent. 


C^iaectiuC. 


Sins. 


mT 
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10.05S29 
06778 

oera 

05676 

10.0&571 
05&4S 
0662S 
0S4S7 
06472 

10.05446 
U542I 
ObSW 
06S7O 
06345 

10.06S1B 



1CI.M93S 

04887 

M836 
10,04810 

04760 

04709 

'0<6^ 

04607 

0155« 



10.12332 
128H 
12876 
'l23W 
12421 



67300 
9Jt7277 

mK 

37266 
873*3 
372Kt 
9.87221 
8720B 



Gcogic 



TableB. IJOGAKITHMIC ANGULAR FUNCTTIONS. 



Sfi740 
86728 
88717 
9.86705 
86094 



88577 
86565 
88554 
8^)2 
S.86530 



320 LOGAEITHMIC ANGULAR FUNCTIONS. Table 8. 



43° 






Loguithmi. 




136= 


«~ 


sine. 


CnwciuiL 


Tipgeut 


CoUngenl. 


8«snt. 


Coane, 


M. 






10.16622 


9,98966 


^.cerei" 


10.13587 


9,86413 


60 




iwB 




96991 








59 




»3«9 


1S581 


97042 


,..i 


13^ 


86366 


56 














9.!W3&t 


55 




















88473 


16527 


97143 


02857 


13670 








S348fi 






02832 


13682 


86318 


52 






16500 








88306 


51 




9.KtSK 














ll 


83527 


■l617S 


'97244 


02756 


'13717 




49 






16460 








86271 


48 














S6259 






835^7 












46 






10.16419 
16406 


9.97345 


10.(B655 
02629 


"11 


*'86^ 


45 




836^ 




974M 






862CO 


42 






16866 


97447 


02.Vi3 


13812 


















9,86176 


40 






16839 












22 


83674 














S3 




16312 


97548 


02152 


13860 










16299 




02427 




86128 


36 


















^ 


83728 




'97624 




' 13896 








16259 


97619 


02351 


13908 


86092 




:s 








(OSX 




86080 


32 






16232 








86068 






e.83781 


10.16219 












31 




16205 


'»n50 


"02250 


13956 


'86044 


29 














86032 


28 




83821 










86020 




84 


83834 


16166 


97826 


02174 


13992 


86008 




85 




10.16152 




10.02149 


10.14004 


9.85996 


26 














85984 


24 




83874 












23 




83887 


16113 


97927 


Oa)73 


14040 


85960 








16099 


97953 


02047 


4052 


85948 


21 














9.85936 


20 




'83927 










85924 




42 




16060 


99029 


01971 


4088 






*i 












85900 


















IG 




9.83980 


10.16020 




10.01N96 








46 


83993 


16007 
15994 


'98130 


01870 


' 4136 


8^ 


13 




84020 












12 




84033 














W 


9.8404S 


10.15954 


9.98231 


10.01769 


10. 4185 


9.85815 


10 


61 












85803 


















8 




8(085 


1.W15 


98307 


01693 








M 




15902 


98.3.^ 


01668 


4234 


85768 




te 












9,85754 


5 






















16862 


98408 


01592 


4270 


86730 




58 




15849 


984M 


01567 


42fi2 


85718 




M 












85766 


1 




84 77 


15823 


98484 


01516 


4307 






ir 


o,.i«. 


Se^nl. 


Col«.g«nt 


Tsngent. 


Co»»nt. 


Sine. 


mT 
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^I" 










135* 


"mT 


She. 


COMCUt. 


_I*i.g™t^ 




Seonl. 


CoUdb. 


M. 






~10.1682S 


9.W484 




10. 4307 




60 








98509 


01491 




'86681 




2 


«ao3 




98M4 


01466 


4331 


85669 


58 


S 


BtJIB 


l.'iTftI 


98560 


01440 




85657 


57 




84229 


15771 


98585 




















10. 4.368 




55 




■■m25S 




'98635 


01365 


4380 








«2M 


l.'iTSl 


9R66I 


01339 
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Natanl Trlconometrkal PuBCtioiu. 



NATURAL FUNCTIONS. 



Natural TrlBOnomelrical Fuactlnn*. 
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NATURAL FUNCTIONS. 
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.64-23 


.35277 1 


i 


.81906 


1. 778 


1.3118 


.23771 


:76229 


40 






.5251 








































>434 


:5056 




:S128 






37 
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.6078 


32 


















.6069 












185408 






!23»S9 








;49«7 


.6033 
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S5 
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NATURAL FUNCTIONS. 
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SQUARES, rUHES AND ROOTS. 
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SQUARES, cnnES AND ROOTS. Table 4, 
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41 


iS 
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64807 
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43 
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44 
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tX 
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45 
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47 
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6.9382 


3-6343 
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7.2801 
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172.79 
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I7S-93 
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57 
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7-6158 
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61 
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6a 
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64 
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65 
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3318.3' 
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307.35 


3431.19 


67 
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8.3462 
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6g 
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70 
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4-I3I3 


2 19 J). 


384845 


71 
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3959-'9 




s'84 
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4.1602 
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73 
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3.5440 
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405224 


8.6023 


4.1983 


23248 


4300^84 


75 


5625 


431875 


8.6603 


4.2172 


335-63 


4417-86 


76 


5776 


438976 


8.7178 


4-3358 


338.76 


4536-46 


77 


5939 


456533 


8-7750 


4-3543 


24. .90 


4656.63 


78 


6084 


474553 


8.8318 
8.8882 


4.2727 


345-04 


4778.36 


t 
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493039 


4.3908 


348.19 


4901 Ji7 
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4-3089 
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8i 
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U 


6724 
6S89 


551368 


9-0554 


4-3445 


257.6. 


5281.03 


83 


571787 


9.1104 


4.3621 


260.7s 


54.0.61 


84 


7056 


S9»704 


9-1652 


4-3795 


263.89 


554' -77 


85 


7"5 


614125 


9-2195 


4.3968 


367.04 


5674.50 


86 


7396 


636056 


9.2736 


44140 


270.18 


5808.80 


87 


7S°9 


658503 


9-3»74 


44310 


373.32 


5944-68 


88 


7744 


681472 


9.3808 


44480 


37646 


6083 ..2 


89 


K 


704969 


94340 


44647 


279.60 


6221.14 


90 


719000 


94868 


44S14 


282.74 


6361-73 


91 


8s8i 


75357' 


9-5394 


44979 


285.88 


. 6503.88 


9a 


8464 


778688 


9-5917 


4-5144 


389.03 


6647A1 


93 


8649 


804357 


9-6437 


4-5307 


392.17 


6792 j)i 


94 


8836 


830584 


9.6954 


4.5468 


295-31 


6939.78 


95 


9oas 


85737s 


9.7468 


4S6»9 


29845 


7088.22 


96 


9Z16 


884736 


9.7980 


4-5789 


30159 


7238.23 


97 


9409 


9J1673 


9-8489 


4-5947 


HS 


7389-81 


98 


9604 


941192 


9-8995 


4.6,04 


7542 x»6 


99 


9801 


970299 


9-9499 


4.626. 
4.6416 


314.16 


7697-69 

JS53-98 


lOI 


10201 


1030301 


10.0499 


4.6570 


317-3'' 


8oti.8s 






1061208 


10J399S 


4-6723 


32044 


8,71.28 


103 


,0609 


1092727 


10,1489 


4.6875 


323.58 


8332-39 


104 


10816 


1.24864 


10. .980 


4.7027 


326.73 


8494.87 


'OS 


11015 


1157625 


10.2470 


4.7177 


329.87 


8659.0. 


W)6 


1.136 


1191016 


10.2956 


4.7326 


333-01 


8824.73 


107 


11449 


1225043 


10.3441 


4-7475 


336.1s 


8992-02 


108 


.1664 


1259712 


10.3923 


4.7622 


339.19 




109 


11881 


1295029 


104403 


4.7769 


34343 


9331-32 


no 


12100 


I 33 1000 


10.4881 


4.7914 


345-58 


9503-32 


III 


12311 


1367631 


'0-S3S7 


4-8059 


348.72 


9676.89 
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1404928 


10.5830 


4.8203 


351.86 


9852.03 


"3 
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1442897 


10.6301 


4-8346 


35S-00 




"4 


11996 


1481544 


10.6771 


4^(88 


358.14 


10307J> 


"5 


13325 


1520875 


,0.7238 


4.8629 


361.18 


I03S6.9 


116 


'3456 


1560896 


10.7703 


4.8770 


364-42 


10568.3 


117 


13689 


.6016.3 


10.8.67 


4.8910 


367-57 


10751.3 


ii3 


13924 


1643032 


10.8628 


4-9049 


370.71 


1093S-9 


119 


1 41 61 


.685159 


,0.9087 


4.9'87 


373.85 




lao 


14400 


1728000 


"'■9S45 


4-9324 


376W 


11309-7 



SQUARES, CUBES AND ROOTS. Table 4. 





Squuc 


Cube 


&l.B«i( 


C beRM 


Cbcle 










131 


14641 


:kS 


11.0000 


4.946. 


380..3 


I 1499.0 




14884 


I r .0454 


4-9597 


383-27 


1.689.9 


123 


15139 


1860867 


11.0905 


4-9733 


38642 


.1882.3 




'5376 


1906624 


ti-1355 


4.9866 


389.56 


12076.3 
12271.8 


125 


15623 


1953125 


11.1803 


5.0000 


392-70 


136 


15876 


3000376 


11.3350 


5-0133 


398-98 


.2469.0 


ra? 


16129 


2048383 


11.2694 


5-0265 


12667.7 


128 


16384 


2097152 
2146W9 


11. 3' 37 


5-0397 


402.12 


I2868J3 


139 


16641 


11-3578 


5-0528 


405.37 


13069.8 


130 




119 7060 




S.0658 


4084; 


13273-2 


13' 


.i7>6' 


2248091 


"4455 


5 -0788 


411-55 


13478.1 


133 


17434 


2299968 


114891 


5-0916 


4.4-69 


13684.8 


'33 


17689 


'35263; 


"-5326 


5 •1045 


417.83 


13893.9 


134 


■rgs"* 


2406104 


J J -5758 


5.1172 


420.97 


14102.6 


'35 


18125 


2460375 




5.1399 


424.12 


14313.9 


136 


18496 


3515456 


11.6619 


5.1436 


427.26 


14536.7 


137 


18769 


2571353 


11.7047 


5-1551 


430-40 


14 741 -I 


138 


19044 




"■7473 


5-1 676 


433-54 


I49S7-1 


m 


'93" 


3685619 


11. 7898 
iii333 


5.1801 


436.68 


'5.74-7 






3744000 


5-1935 


439-83 


'5393-8 


141 


19881 


28032s I 


I '-8743 


5-2048 


4424,6 


iS6'4-S 




20164 


3863388 


11.9164 


5.3171 


446." 


.5836.8 


143 


20449 


2924107 


"■9583 


5-2293 


449-25 


.6060.6 


'44 


20736 


2985984 
3048625 




5-2415 


452-39 


.6386.0 


'4S 


3I035 


12.0416 


5-2536 


455-53 


165.3-0 


146 


2.3'6 


3113136 


12.0830 


5.2656 


458.67 


.6741.5 


147 


31609 


3176523 


12.1344 


5.2776 


461.81 


16971-7 


148 


21904 


3241 791 


.2.1655 


5-2896 


464.96 


173034 


149 




3307949 


12.2066 


5-30.5 


468..0 


.7436Ji 


150 


21500 


33750°° 


12.2474 


5 -3133 


471-24 


17671-5 


'S" 


23801 


344295' 


12 2SS2 


5-3251 


474-38 


17907-9 


'S» 


33104 


35"8o8 


.2.3288 


5-3368 


477-52 


18145 J 


'S3 


13409 


3581577 


12.3693 


5-3485 


480.66 


.83854 


'54 


23716 


3652264 


12.4097 


5-3601 


483.8. 


18636.5 


iSS 


24025 


3723875 


12.4499 


5-3717 


486^95 


18869.3 


'56 


24336 


3796416 


12,4900 


5-3832 


490 x>9 


191134 


'57 


24649 


3869893 




5-3947 


493-23 


19359.3 


158 


24964 


3944313 




54061 


496.37 


.9606.7 


159 


35281 


4019679 




S4I75 


499.5' 


.9855-7 


160 


25600 


4096000 


12.6491 


542S8 


502.6s 


20.06.2 



SQUARES, CUBES AND BOOTS. 



Squakes, Cotes, Sqcase Roots, Cube Eoots, Circumferences 




AND ClRCUlAR AREAS OF NOS. FRO 


M I TO 520 




Squa« 


Cube 


Sq.Root 


C heRllM 


ClKCLE 






Orcum. 




t6i 


as92i 


4173281 


12.6886 


S-44OI 


505-80 


20358.3 


ife 


26144 


4351528 


12.7279 


5-4514 


508.94 


2o6?».o 


163 


l^ 


4330747 


12.767. 


S-4626 


S.2.08 


26867.2 


164 


4410944 


123062 


5-4737 


S'5-23 




.65 


27115 


4492125 


1234S2 


54848 


518.36 


V'llt's 


166 


« 


4574296 


,2£84i 


5-4959 


52'. 50 


2.642.4 


167 


4657463 


.2.9228 




524.65 


21904.0 


168 


23224 


4741632 


12.96.5 


5-5178 


527-79 


22167.. 


.69 


28561 


4826809 


i3XX»o 


5-5288 


530.93 


22431-8 


170 


aSQoo 


4913000 


13-0384 


S-5397 


534.07 


22698.0 


171 


29241 


5000211 


13-0767 


5-5505 


537-21 


22965.8 


17a 


19584 


50S8448 


13-1149 


5-5613 


540-35 


23235-3 


'73 


29929 


5177717 


13-1529 


S-573. 


543-50 


23506.1 


174 


30176 


5268024 


13..909 


5-5838 


546.64 


23778.7 


I7S 


30615 


S35937S 


.3.2288 


5 -5934 


549.78 


24052.8 


176 


30976 


5451776 


'3-2665 


5.6041 


552-92 


34328.5 


J77 


3iS»9 


5545233 


13-3041 


5-6147 


556.06 


24605.7 


.78 


3,684 


5639752 


13 -34 '7 


5-6352 


559.20 


24884.6 


179 


32041 


5735339 


'3-379' 


S-6357 


562.3s 


25.64.9 


180 


33400 


5832000 


.3-4.64 


5-6462 


565-49 


25446.9 


181 


32761 


5929741 


13-4536 


5 -65 67 


56S.63 


25730-4 


iSa 


33'24 


6028568 


13-4907 


5.6671 


571-77 


260.5.5 


'83 


334S9 


6128487 


13-5377 


5-6774 


574-91 


26302.2 


184 


33856 


6229504 


13-5647 


S-6877 


IKS 


265904 


I8S 


34325 


6331625 


13-6015 


5.6980 


26880.3 


186 


3459* 


6434856 


13-6382 


5-7083 


584-34 


271 71. 6 


187 


34969 


6539303 


.3-6748 


5-7185 


58748 


27464.6 


iSS 


35344 


6644672 


13-7113 


5-7387 


590.62 


27759-1 


189 


3S72I 


6751269 


'3-7477 


5-7388 


593-76 


28055.2 


190 




6859000 


15.7840 


5-7489 


596-90 


28352.9 


191 


36481 


6967871 


'3-8203 


S-7590 


600.04 


28652.1 


192 


36864 


7077888 


'3-8564 


5.7690 


603. .9 


28952.9 


i<l3 


37349 


7189057 


'3-8934 


5-7790 


606.33 


29255-3 


194 


37636 


7301384 
7414875 


13-9284 




60947 


SSgJ 


I9S 


38025 


13-9642 


5-7989 


6.2.61 


196 


38416 


7529536 


I4J30O0 


5.8088 


615.75 


30171.9 


'97 


38809 


7645373 


'4-0357 


5.8.86 


6.8.8^ 


30480.5 


.98 


39304 


7761393 


14,0712 


5-8285 


622.04 


30790.7 


199 


39601 


7880599 


14.1067 


5-8383 


625.18 


31102.6 


200 






14-1421 


5-8480 


628.32 


3'4i5.9 



SQUARES, CUBES ANB HOOTS. 



AND CnicuLAH Areas of Nob. raoii i to 530 


No. 


Squwe 


Cube 


Sq.Il«t 










Ans 


303 
104 
20s 


40401 
40804 
41209 
41616 

4303S 


8i*o6oi 
8243408 

8365437 
8^8564 
8615135 


14.. 774 
14.3127 

14-3478 
14.3829 
14.3178 


5.8771 
5.8868 

s-8964 


63146 

634.60 
637.74 
640.89 
644-03 


31730-9 

330474 
33365-5 
33685.1 
330064 


306 


4a43'5 
41849 
43^64 

43681 
44100 


874.816 

as 

9129329 
9161000 


H-3S37 

14.387s 
14.4222 
.4.4568 
144914 


5.9059 
5.9155 

5 •9350 
5.9345 
5.9439 


647.17 
650.31 
65345 
656.59 
659.73 


33339-3 

33653-5 
33979-5 


213 

lis 


445»i 

44944 


1"^ 

9663597 
9800344 
9938375 


14.5358 
14-5602 

14.5945 
14.6287 
14.6629 


S-9533 
5.9637 
S-9731 
5.9814 
5W>7 


662.88 
666.03 
669.16 

672.30 
67544 


3«M-7 
3630s* 


916 

319 

a 10 


475=4 
47961 
4S400 


10077696 

10360333 


.4.6969 

It's 

14.7986 
.4-8334 


6«ooo 
6.0092 
6.0185 
6J3377 
6j)368 


SI 

688*1 
691.15 


38013-3 


Hi 


48841 

49284 
49739 

^^'^ 


,079386. 
1094.048 

11089567 
.1239434 
11390625 


14.8661 

14.8997 
14-9333 
14.9666 


6.0459 

6.0732 
6.0822 


694.39 
69743 

700.58 


38359-6 
38707.6 
39057-1 
39408-1 
39760.8 


za6 

III 

Jig 
230 


S.076 

51984 

S»44i 
52900 


.2167000 


15.0997 

'Hill 


6.0912 

6.1269 


710.00 
713.14 
716.Z8 
71943 
733.57 


40115-0 

»:? 
4..87.1 
41547-6 


»3i 
331 
=33 

*34 
335 


53361 

53814 
54289 
54756 
S5"5 


,2^7168 
"649337 
12812904 
.2977875 


i5.'987 
'5.33.5 
15-3643 
.5.2971 
.5.3397 


6.1358 
6.1446 
6.1534 
6.1612 
6.1710 


731.99 
735-13 
738^7 


41909JS 

43005-3 
43373-6 


336 

239 
140 


56169 
56^ 
57121 
57600 


13144356 
.33' 3053 

13481272 
1365.919 


.5.3633 
.5-3948 
154373 
154596 
154919 


a; 

6.1972 
6.2058 

6.2.45 


74143 
744.56 
747*70 
75oAt 
753.98 


43743-5 

SSI' 

44863.7 
45338^1 



SQtTAEES, CUBES AND ROOTS. 



No. 


Squm 


C-be 


Sq. Root 


CubeKoot 


C« 


Ar. 


241 


58081 


13997531 


IS-S=4J 


6.3331 


7S7-i= 


45616.7 


34» 


58564 


1417=488 


15-5563 


6.2317 


760.37 


45996.1 


243 


59049 


14348907 




6.2403 


76341 


46377-0 


344 


59536 


145=6784 


15^=05 


6.3488 


766.55 


46759.5 


'IS 


60015 


.4706135 


15-6535 


6-=573 


769.69 


47143-5 


246 


605.6 


14886936 


15.6844 


6.2658 


77=-83 


47539.3 


347 




15069223 


15.7,62 


6.2743 


775-97 


47916-4 


348 


61504 


15353993 


15.7480 


6.2828 


779.12 


48305.1 


*49 


63001 


15438249 


15-7797 


6.2^12 


782.26 


48695.5 


350 


62500 


15625000 


15^.14 


6.3996 


78540 


490874 


351 


63001 


15813=51 


15-8430 


6.3080 


788.54 


49480.9 


251 


63504 




15-8745 


6.3,64 


791.68 


49875.9 


253 


64009 


16194277 


i5/)o6o 


6.3247 


794-82 


50272.6 


aS4 


64516 


16387064 


15-9374 


6-3330 


797-96 


50670.7 


=55 


650=5 


16581375 


15-9687 


6.3413 


801.11 


51070.5 


as6 


65536 


16777216 


16.0000 


6-3496 


804.25 


51471.9 


=57 


66049 


16974593 


16/33,2 


6-3579 


807.39 


51874-8 


358 


66564 


'717351= 


16.0634 


6.3661 


810,53 


52279.2 


=59 


67081 


17373579 


16/3935 


6.3743 


813.67 


5=685.3 


36a 


67600 


17576000 


16.1245 


6.38=5 


816.81 


5309=-9 


361 


68121 


17779581 


16.1555 


6.3907 


819.96 


5350=. 1 


i6a 


68644 


17984728 


16.1864 


6.3988 


823.10 


S39i = .9 


=63 


69169 


18191447 


16.2173 


6.4070 


836.24 


543=5-= 


364 


69696 


18399744 


16.3481 


6.4151 


829.38 


54739.1 


26s 


70335 


18609635 


16.3788 


6.4=3= 


832.5= 


S5IS4.6 


366 


70756 


18821096 


16.3095 


6.4312 


835-66 


55571.6 


367 


71389 


19034163 


16.3401 


6.4393 


838.81 


55990-3 


368 


71834 


19248832 


16.3707 


6-4473 


841.95 


564104 


369 


7=361 


19465109 




64553 


845.09 


5683=.= 


370 


739CXJ 


19683000 


16-1317 


64633 


848.23 


57=55-5 


371 


73441 


19902511 


16.4621 


64713 


851-37 


576804 


373 


73984 


20,23648 


16.4934 


64792 


854-51 


58106.9 


*73 


745=9 


20346417 


16.52=7 


64872 


857-66 


58534.9 


=74 


75076 


30570824 


■6-55=9 


64951 


860.80 


58964/i 


=75 


756=5 


=0796875 


16.5831 


6.5030 


863.94 


59395-7 


376 


76,76 


2,024576 


16^,32 


6.5108 


86; .08 


59828.5 


377 


76729 


2,253933 


16^5433 


6.5187 


870.23 


60262.8 


378 


77284 


3148495" 


16.6733 


6.5=65 


873.36 


60698.7 


X 


77841 


21717639 


16.7033 


6-5343 


876.50 


61136,2 


78400 


21952000 


16.7333 


6-54=1 


879.65 


61575-= 



SQUARES, CUBES AND ItOOTS. Table*, 





s,™ 


Cube 


Sq.R(»l 


Cobs Root 


CllCLE 




Circmn. 


a™. 


381 


78961 


2118804. 


167631 


6-5499 


882.79 


62015.8 

62458.0 


iSt 


79534 


3^35768 


16.7939 


6-5577 


885.93 


rf3 


80089 


32665.87 


16.8236 


6.5654 


889.07 


6390. .3 


284 


80656 


33906304 


.6.8523 


6.573' 


V.2. 


63347.1 


«8s 


8I33S 


33149135 


16^19 


6.5S08 


895.35 


63794.0 


186 


8.796 


23393656 


16.9115 


6.5885 


898.50 


643434 


S87 


82369 


«3639903 


16.941 1 


6.5962 


901.64 


64692.5 


a88 


83944 


23887872 


16.9706 


6.6039 


904.78 


65.44.. 




S35" 


24i375'59 


17.0000 


6.61 1 5 


907.92 


65S97.2 


390 


84100 


34389000 


17.0394 


6.6191 


91. .06 


66052.0 


391 


84681 


24643 I 71 


'7-0587 


6.6267 


9.4.20 


66508.3 


391 


85364 


34897088 


.7.0880 


6-6343 


9.7.3s 


66966.3 


293 


85849 


15153757 


17.1172 


6.6419 


92049 


674*5.6 


394 


86436 


35413184 


, 7.1464 


6.6494 


923.63 


67886.7 


195 


87025 


'5^7^375 


17.1756 


6.6569 


9*6.77 


68349.3 


396 


87616 


35934336 


.7.2047 


6.6644 


929-9. 


688.3.5 


397 


88209 


26198073 


17.2337 


6.6719 


933.0s 


69379.3 


398 


88804 


26463593 
36730899 


17.2627 


6.6794 


936.19 


69746.5 


999 


S940I 


17.2916 


6.6869 


939-34 


703154 


300 


90000 




.7-3205 


6.6943 


94348 


706853 


301 


90601 


37370901 


.7-3494 


6.7018 


t& 


71.57.9 


303 


91204 


37543608 


.7-3781 


6.7093 


7.631-5 


303 


91809 


27818137 


174069 


6.7.66 


951-90 


73.06.6 


304 


92416 


38094464 


17-4356 


6.7340 


95S-04 


7^5834 


30s 


93035 


28373625 


174642 


6-7313 


958.19 


7306. .7 


306 


9363^ 


38652616 


174929 


6-7387 


961-33 


73541-5 


307 


94249 


28934443 


I7-52.4 


6.7460 


96447 


74023.0 


308 


94864 


39318112 


17-5499 


6.7533 


967.61 


745o6j> 


309 


95481 


29503629 


17-5784 


6.7606 


970-75 
973-89 


74990.6 


310 


96.00 


39791000 


.7.6068 


6.7679 


75476.8 


3" 


96721 


3008023. 


17.6352 


6-7752 


977.04 


75964.5 
76453-8 


313 


97344 


30371328 


'7.663s 


6.7824 


980.18 


313 


97969 


30664297 


17-6918 


6-7897 


98332 


76944.7 


3'4 


98596 


30959 '44 


17.7200 


6.7969 


98646 


77437-1 


3'S 


99225 


31=55875 


.7.7482 


6.8041 


989.50 


7793.-' 


316 


99856 


31554496 


17.7764 


6.8.13 


992.74 
995-88 


78436.7 


3'7 


100489 


3 '85501 3 


.7.8045 


6.8.8s 


78933.9 


3'8 




3215743s 


17-8326 


6.8256 


999-03 


79422^5 


319 


10.76. 


32461759 


17.8606 


6.8328 




79933.9 


320 


102400 


33768000 


.7-8885 


65399 


.005.30 


80424.8 



SQTTAIiES, CUBES ANIJ ROOTS. 



No. 


Sqon 


C.^ 


Sq. Root 


ClibeR«>( 


at 

Orcum. 


Aia 


331 


103041 


33076161 


17-9165 


6.8470 


1008.5 


809*8.3 


331 


103684 


33386348 


17-9444 


6.8541 


.011.6 


81433-* 


333 


104329 


33698267 


17.971* 


6A5.2 


1014-7 


81939.8 


3*4 


104976 


34012224 




6.8683 


1017.9 


82448-3 


32s 


105625 


343»8ji5 


,8!o2 78 


6.8753 




83957.7 


3*6 


106176 


34645976 


;i3lf 


6.8824 


1024.2 


83469-0 


337 


106929 


34965783 


6.8894 


1027.3 


83981.8 


3*8 


107584 


35*8755* 


18..108 


6.8964 


10304 


84496.3 


3=9 




35611*89 


18..384 


6.9034 


1033.6 


85012.3 


330 


108900 


3S937000 


18.1659 


6.9104 


.036.7 


85529.9 


331 


109561 


3626469. 


18..934 


6JI174 


1039.9 


86049.0 


33* 


II0234 


36594368 


18.3209 


6.9244 


1043-0 


86569.7 


333 


1 10889 


36926037 


18.2483 


6-9313 


1046.2 


87091.0 


334 


"'556 


37359704 


18.2757 


6.9382 


1049-3 


876.5.9 


333 


111225 


3759S37S 


18.3030 


6.9451 


10524 


88141.3 


336 


112896 


37933056 


18.3303 


6.95*1 


1055.6 


88668.3 


337 


113569 


3817*753 


18.3576 


6.9589 


1058.7 


89196^ 


338 


114*44 


3861447* 


18.3848 


6.9658 


106..Q 


89727.0 


339 


114931 


38958219 


184120 


6.9727 


1065.0 


90258.7 


340 


.15600 


39304000 


18-139. 


6.9795 


.068.1 


90792.0 


341 


116281 


396518*1 


184662 


6.9864 


1071.3 


913*6.9 


34* 


116964 


40001688 


iS-,93* 


6.9933 


10744 


91863.3 


343 


117649 


40353607 


18.5203 


7.0000 


.077.6 


9*40.-3 


344 


118336 


40707584 


.8.547* 


7.0068 


.080.7 

.083i 


93940.9 


345 


I 19025 


41063625 


18.5742 


7-0136 


93482.0 


346 


119716 


414*1736 


18.6011 


7-0203 


.087.0 


94034-7 


^ 


120409 


417819*3 


18.6279 


7.0271 


1090.. 


94569-0 


131 104 


42.44.92 


.8.6548 


7.0338 


1093-3 


9S"4-9 


349 


121801 


42508549 


.8ji8.5 


7.0406 


.0964 


95662.3 


35" 


132500 


4*875000 


18.7083 


7.0473 


1099.6 


96*11-3 


351 


I 23201 


43*43551 


.8.7350 


7-0540 


1.02.7 


9676. .8 


35* 


123904 


43614208 


.8.76.7 


7.0607 


..05.8 


973'4-o 


353 


124609 


43986977 


.8.7883 


7-0674 


1.09 /> 


97867.7 
98423-0 


354 


13fcf 


44361864 


.8.8149 


7-0740 




355 




44738875 


18.8414 


7.0807 


i"5-3 


98979-8 


356 


136736 


45 t. 80. 6 


18.8680 


7-0873 


II 184 


99538-2 


357 


137449 


45499*93 


.8.8944 


7.0940 


1121.5 


100098 


358 


138,64 


458827.2 


.8.9209 


7.1006 


1.24.7 


100660 


359 


138881 


46268279 


18.9473 


7.1072 


..27.8 




360 


.29600 


46656000 


18-9737 


7.1138 


1131.0 


.0.788 



SQUAEES, CUBES AND ROOTS. 



Sqoabes, Cubes, Sqdabe Roots, Cube Roots, Circhi 


liyBSENCM 




AND CniCULAK ABEAS OF NOS. FHOH I TO 5 1 






SquM. 


Cube 


Sq.Root 




ClICLB 






Orcum. 


Ai« 


36. 


130331 


47045881 


19.0000 


7.1204 


•134.1 


1033S4 


36' 


131044 


47437928 


19.0363 


7.1369 


'I37-3 


I 03911 


363 


i3'769 


47832147 
48138544 


19.0526 


7-1335 




103491 


364 


132496 


J9.078S 


7.1400 


1143-5 


.04063 


36s 


i33"5 


48627135 


19.1050 


7.1466 


1146.7 


104635 


3« 


"33956 


49027896 


19.1311 


7-1531 


.149.8 


.05309 


367 


134689 


49430863 


19.1572 


7-1596 


"53-0 


105785 


36a 


135434 


4983603= 


'9.1833 


7.166. 


1156.. 


.06362 


369 


136161 


50143409 


19.3094 


7. .7*6 


.159.3 


.o6w 


370 


136900 


50653000 


'9-2354 


7-179' 


H624 


107521 


37> 


,3764. 


51064811 


19.2614 


7-1855 


1165-5 


108103 


371 


■38384 


5.478848 


19.2873 


7.1910 


.168.7 


10S687 


373 


139119 


518951.7 


19 -3 132 


7.1984 


.171.8 


.09372 


374 


139876 


523 '3624 


19-3391 


7.2048 


"75-0 


109858 


37S 


140625 


52734375 


19.3649 


7.2113 


1178.1 


1.0447 


376 


141376 


53157376 


'93907 


7-2177 


ll8t.2 


111036 


377 


143129 


53582633 


194165 


7.3240 


.1844 


..1628 


378 


141884 


54010153 


194423 


7-2304 


.187.5 




379 


143641 


54439939 


194679 


7.2368 


1190.7 


11*8.5 


380 


144400 


54872000 


194936 


7-2432 


1193.8 


"341' 


381 


14516' 


55306341 


19.5192 


7-2495 


1196/) 


114009 


38, 


145924 


55742968 


19.5448 


7-2558 




114608 


383 


146689 


5618.8S7 


19.5704 


7.3633 


1303.3 


115309 


384 


147456 
148*35 


56623104 


19-5959 


7-2685 


12064 


115812 


38s 


57066635 


19.6214 


7.2748 


1209.S 


1.6416 


386 


148996 


57512456 


19.6469 


7.28.1 


1212.7 


1.7021 


387 


149769 


57960603 


19.6733 


7.2874 


;^;i:g 


1.7638 
.18137 


388 


150544 


58411073 


19-6977 


7-=936 


389 


iS'3" 


58863869 


19.7231 


7.2999 




1.8847 


390 


152100 


59319000 


19.7484 


7.3061 


l«5-2 


119459 


39' 


152881 


5977647' 


19-7737 


7-3 '24 


12284 


110073 


39= 


153664 


60236288 


19.7990 


7-3186 


1231.5 


110687 


393 


154449 


60698457 


.9.8=43 


7.3*48 


■334.6 


131304 


394 


■55236 


61162984 


19-8494 


7-33 'o 


.237-8 


111911 


395 


156025 


61639875 


19.8746 


7-3372 


1240.9 


111543 


396 


156816 


62099136 


19.8997 


7-3434 


1*44-' 


113163 


397 


157609 


63570773 


19-9249 


7-3496 


1347.2 


133786 


398 


158404 


63044792 


19-9499 


7-3558 


1350-4 


1244.0 


399 


159201 


63521199 


'9-9750 


7.3619 


'253-S 


125036 










7.3684 


1356.6 


135664 



SQUARES. CUBES AND ROOTS. 



Squams, Cotm, Sqoake Roots, Cdbe Roora. CntcoMFKBJWCM, 




AND CDtCULAK ABSAS of NOS. FBOH I TO 5K 




No. 


a,™ 


Cube j Sq-Root 


CabeRoM 


Cm 
Occum. 


A« 


401 


16080I 


64481301 


30^50 


7.374* 


13593 


136393 


403 


161604 


64964808 


30J3499 


7-3803 


1363 J) 


"S 


W 


163409 


65450837 


30.0998 


7.3864 


I366.t 




163316 


65939264 


7-3935 


1369.3 


138,^ 


40s 


164035 


66430135 


30.1346 


7-3986 


1373.3 


128835 


4e* 


■ 64836 


669334.6 


30.1494 


74047 


ll'M 


12946* 


407 


165649 


674.9.43 


30.174* 


74108 


130,00 


-408 


,66464 


679173" 


30.1990 


7-4169 


1381.8 


130741 


409 


IK 


684.7919 


20.3337 


74339 


.384.9 


13138a 


410 


68931000 


30.3485 


74390 


1388.1 


132035 


411 


.68931 


694»6S3I 


30.2731 


7-4350 


139 1. 3 


133670 


4" 


169744 


«)934S»8 


30.2978 


74410 


1294.3 


133317 


413 


170569 


70444997 


20.3224 


74470 


1297-5 


133965 


414 


171396 


70957944 


30.3470 


7-45,10 


1300.6 


134614 


415 


173335 


7U7337S 


»°-37"5 


74590 


1303-8 


135265 


416 


173056 


71991396 


30.396. 


74650 


.306.9 


>3S9i8 


■•'2 


173889 


7«5"7I3 


30-]306 


74710 


1310.0 


13657a 


418 


174734 


7303463a 


30-1450 


7-4770 


1313-2 


137228 


419 


i75S6« 


73560059 


20^695 


74829 


1316.3 


13788s 


4»o 


.76400 


74088000 


204939 


74889 


1319-5 


138544 


431 


177341 


7461846. 


30.5183 


74948 


1323.6 


139305 


493 


17S084 


736^7 


20.5426 


7-SO07 


1325-8 


139867 


+>3 


.78939 


30.5670 


7.5067 


.338.9 


140531 


424 


179776 


76335024 


30-S9I3 


7.5126 


1332-0 


141196 


4»S 


.80635 


76765625 


20.615s 


7.5185 


1335.2 


141863 


436 


181476 


7730S776 


30.6398 


7-5»44 


1338.3 


143531 


437 


183329 


77854483 


20.6640 


7.5302 


i34'-S 


143201 


4S8 


.83.84 


78953589 




7-5361 


1I44.6 


14387* 


439 


184041 


30.7133 


7.5420 


1347-7 


144545 


430 


.84900 


79507000 


30.7364 


7-5478 


1350-9 


145330 


431 


185761 


80062991 


30.7605 


7-5537 


1354-0 


145896 


43» 


186634 


80631568 


30.7S46 


7-559S 


1357-3 


146574 


433 


187489 


81183737 


30.8087 


7-5654 


,360.3 


I47»S4 


434 


188356 


81746504 


30.8337 


7-57" 


1363-5 


147934 


435 


1S9235 


833.3875 


30.8567 


7-5770 


1366.6 


.486.7 


436 


190096 


8388.856 


30.8806 


7.5838 


1369-7 


,49301 


437 




83453453 


2ox>04S 


7.5S86 


1372-9 


149987 


438 


.91844 


84037673 


30.9384 


7-5944 


1376-0 


150674 


439 


193731 


84604519 


30.9533 


7.6oot 


1379-2 


151363 


440 


193600 


85184000 


30J)762 


7-6059 


.383.3 


152053 



SQUARES, CUBES AND ROOTS. Table*. 



" 


Sqiun 


Cabc 


Sq.Roat 


Cube Root 


Qmj 




Oiom.. 




441 


I9448I 


8576612, 


1..0000 


7.6117 


1385-1 


152745 


443 


195364 


86350888 




7.6174 


1388.6 


153439 


443 


I96I49 


86938307 


2.^476 


7.6231 
7.6289 


1391-7 


154134 


444 


I97I36 

I9S<»S 


87528384 


21x1713 


1394-9 


154830 


445 


88121.25 


21*950 


7.6346 


.398* 


'555*8 


446 


1989.6 


88716536 


2...187 


7,6403 


1401.3 


156228 


■"I 


199809 


89314623 


21.1424 


7.646S 


1404-3 


i5693» 


448 


300TH 


899'53<'2 


11.1660 


7-6517 


1407.4 


157633 ' 


449 


aoi6oi 


90518849 


21.1896 


7-6574 




158337 


450 


301500 


9.125000 


21.2132 


7.663. 


'413-7 


159043 


451 


203401 


91733851 


2..1368 


7-6638 


1416.9 


159751 


45" 


204304 


9»34S4o8 


21.2603 


7.6744 


1420.0 


160460 


453 


205309 


92959677 


11.2838 


7.6801 


1423-1 


.61171 
161883 


454 


206116 


93576664 


21.3073 


7-6857 


1426.3 


455 


207025 


94196375 


21.3307 


7.69.4 


14294 


162597 


«6 


3S 


94818816 


".354> 


7.6970 


1431.6 


i633'3 


•*5Z 


95443993 


11.3776 


7.7026 


1438-9 


164030 


458 


209764 


96071913 


214009 


7.7081 


16474S 


459 


210681 


96702579 


31-1243 


7-7138 


1443.* 


;ii 


460 


211600 


97336000 


H.4476 


7-7194 


1445-1 




^A 


212521 


97972.81 


314709 


7.7150 


■448.3 


166914 


461 


213444 


98611128 


114942 


7.7306 


I4S1-4 


167639 


463 


214369 


99152847 


a 1. 51 74 


7.7362 


1454.6 


1^3^ 


464 


215296 


99897344 


31.5407 


7-7418 


I4S7-7 


'69093 


465 


216225 


100544625 


11.5639 


7-7473 


1460.8 


.6982I 


466 


217156 


loi 194696 


31.5870 


7-7529 


.464.0 


170554 
171287 


467 


218089 


101847563 


21.6102 


7-7584 


1 467.1 


468 


219024 


101503232 


21.6333 


77639 


1470-3 


172021 


469 


219961 


10316.709 


31.6564 


7-7695 


t473-4 


'72757 


470 


220900 


103823000 


21.6795 


7-775° 


1476-5 


173494 


471 


221841 


104487111 


31.7025 


7-7805 


liSi 


'74234 


472 


222784 


105.54048 


31.7356 


7.7860 


'74974 


473 


223729 


105823817 


21.7486 


7-7915 


1486.0 


175716 


474 


224676 


.06496434 


21.7715 


7.7970 


1489-t 


176460 


475 


"56^5 


10717187s 


21-7945 


7.8025 


1492-3 


177205 


476 


226576 


107850176 


31.8174 


7-8079 


1495-4 


.7795a 


477 


»27S«9 


10S531333 


21.8403 


7-8134 


1498-S 


I 78701 


478 


2284B4 


109215352 


3.Ji632 


7-8.88 


1501.7 


179451 
180203 


479 


329441 


109902239 


21.8861 


7-8243 


1504.8 


480 


230400 


1.0592000 


11.90S9 


7.8297 


.508.0 


.80956 



SQUARES, CUBES AND ROOTa 



Sqoabes, CcBes, Sooabe Roots, Cube Roora, Circdiimj[EMC« 


AND CntCDLAK AKEAS OP NOS. TEOII I TO 51O 


No. 


SqnuB 


Cubs 


Ski.R«* 


Cube Root 


"Cfatmn. 


Arb 


481 


231361 


1 11384641 


21^317 


7-8352 


1511.1 


181711 


482 


332334 


III980168 


21-9545 


7-8406 


1514.3 


182467 


483 


333*89 


112678587 


21^773 


7.8460 


1517.4 


183225 


484 


234156 


I 13379904 




7-8514 


1520.5 


183984 


485 


235335 


114084125 


12^327- 


7.8568 


1523-7 


184745 


4B6 


336196 


I1479"S6 


33^54 


7.8623 


1536^ 


185508 


487 


337169 


115501303 


22/3681 


7.8676 


1530-0 


186373 


488 


238144 


I 162 I 4272 


22.0907 


7-8730 
7.8784 


"S33-' 


187038 


489 


239121 


116930169 


22.1133 


1536-3 


« 


4CK. 


I40IOO 


ti 7649000 


22.1359 


7-8837 


IS394 


491 


24 108 1 


I 1837077 I 


22.1585 


7.8891 


"S42-S 


189345 


493 


242064 


119095488 




7-8944 


;sii 


190117 


A93 


243049 


119823157 


22.2036 


7-8998 


190890 


494 


244036 


120553784 


22.2261 


7-9051 


"S5'-9 


I91665 


495 


2450*5 


131287375 


32.3486 


7.9'OS 


"555-' 


192442 


496 


246016 


122023936 


22.2711 


7-9158 


'558-2 


19333 I 


497 


247009 


122763473 


32.2935 


7.9211 


.56.4 


194000 


498 


248004 


1*3505992 


12.3159 


7-9264 


1564-5 


194782 


499 


249001 


Ii4>Si499 


22.3383 


7-93'7 


1567-7 


195565 


500 


350000 




22.3^7 


7-9370 


1570.8 


196350 


50' 


251001 


125751501 


22.3830 


7-9413 


'573-9 


197136 


501 


353004 


126506008 


33.4054 


7.9476 


1577-' 


197923 


5°3 


253009 


"7363527 


33.4377 


7-9S28 


1580.3 


1987.3 


S04 


254016 




21.4499 


7-9581 


'583-4 


'99504 


S°S 


255025 


128787625 


22.4723 


7-9634 


'586-5 


200196 


506 


256036 


139554316 


23-4944 


7-9686 


'S89-7 


201090 


507 


257049 


130323843 


23.5167 


7-9739 


1593-8 


101886 


SOS 


258064 


131096512 


22.5389 


7.9791 


1595-9 


102683 


509 


359081 


131872229 


33.5610 


7.9843 


'S99.I 


203483 


S'o 


260100 


13165 1000 


33.5833 


7.9896 


1603.3 


304383 


S" 


261121 


'33432831 


22.6053 


7.9948 


1605.4 


205084 


S" 


263144 


134217728 


22.6274 


8.0000 


1608.5 


205887 


S'3 


163169 


135005697 


22.6495 


8.0052 


1611.6 


306693 


SM 


»64i96 


135796744 


22.6716 


8.0104 


1614.S 


207499 


S'S 


265225 


136590875 


22.6936 


8.0156 


161 7.9 


308307 


5-6 


266256 


137388096 


23.7156 


8.0208 


1631. t 


209117 


S'7 


367289 


.38188413 


23.7376 


8.0360 


1624.3 


309938 


5i8 


268324 


138991832 




8.03:1 


1627.3 


310741 


5'9 


269361 


139798359 




S.0363 


1630.S 


311556 


520 


270400 


140608000 


21.803s 


8.0415 


1633.6 


213373 



TRIGONOMETRIC FUNCTIONS. 

tugonoiietkic pctmcnons amd the solution of 
Tbuhgles 



In the accompanying figure the trig- 
onometric functions of the angle A 
between the lines B A and A C are 
as foUowB; 

sin^ =BC 

COS A -AC 

tAa A = EP 

cotA-GB 

secA'^AE 



In the right-angled triangle ABC 
let a equal the side B C opposite the 

ai^te A ; let b equal the side ' A C opposite the angle B; let e 
equal A B, the side opposite the angle C. 



3 




-csin 


A-bts 


nA 


-V( 




"7 



L angle 



Oblique Triangles. 
Note. Where : 

and tangent are equal to that 
of the angle (i8o° — the angle 
in question);_that is, if the sine 
of I io" is desired take the sine 
of (iSo- - lao") - 60°. 



B '' UtK-Am \ 



TRIGONOMETRIC TABLES. 



Givm 


D»™i 


Fonods 


A,B,a 


C.b 
c, K 


C = i8o — W + B); b -^-^ sin B 


' uiia'^^-^ 1 ^^-^ asin^ 


A.a,b 


B,C 


an B= H5-i b; C - 180'- M + B) 

IW solutiau an poaiHe nUi B' u u uuU mndc 
imdBuiiioUuKiQek 


C,<^b 


i {A+B) 

HA-B) 
AB 

K 


X - i (X + «) + ! W - B) 
B-i(A+B)-i(A-B) 

^■^ " m 1 (X - « 
ff-io6sinC 


a.b,c 


B 

K 


AJB -y* (<-«)(•- ') 


^^_.V. (.-•)(.-«(.-<) 


X - V .(.-•)(< - » (. - d 



D,g,r,:^i t, Google 



EXPZiANATIOK OF TABLES. 



TAB L E I. LOOABITHUS 07 NTTMBEBS.— The log- 
arithm of any number to any base is the index of the power 
to which the base must be raised to equal the number. 
The logarithms given in Table I are Brigga or Common 
Logarithms in which the base is 10. Then 100 = 102, and 
the logarithm of 100 = 2. Also 200= lOa-aoios, and the 
logarithm of 300 =^3.30103. The integer of a logarithm is 
called the characteristic, and is one less than the number 
of integers in the numiaer. The decimal part of the log- 
arithm is called the mantissa and is given in Table I. 

The mantissae of the logarithms in Table I are given to 
five places; while the numbers are given to four significant 
figures. Where there are more than four significant figures 
in the number, the table of proportional parts may be used. 
The star opposite certain logarithms shows that th€ two 
figures at the left are to be taken from the line below. 

The logarithm of 1 is 0, and the logarithm of any 
number less than unity will be negative. It Is much more 
convenient to use x>»sJtive mantissae, and logarithms of 
numbers less than unity are written as cologarithms or 
modified logarithms in which the negative logarithm is sub- 
tracted from a positive integer as 10, 20, etc., 100, 300, etc. ; 
and the cologarithm or modified logarithm is written as a 
positive logarithm with the integer shown as subtracted 
from the logarithm. For example the logarithm of 0.3 =z: 
l(^arithm of ^ = log. 1 — 1<^. 5 = 0.00000 — 0.69893 = 
^0.69893. The cologarithm or modified logarithm will be 
equal to the logarithm subtracted from 10 and is written 
9.30103 — 10. The logarithm of .00625^ log. 5^ = log. 5 
— log. 800 = 0.69897 — 3.90309 = — 2.30413, or as a colog- 
arithm or modified logarithm = 7.79588 ^ 10. The mantis- 
sae of the cologarithms of numbers less than unity are 
given in Table I. 

The following rules should be kept in mind in using 
the table of logarithms. 
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1. The logarithm of a product U the sum of the loga- 
rithms of the factors. 

2. The lo^rithra of a quotient ia the difference of the 
logarithms of the dividend and divieor. 

3. The logarithm of a power of a number ia equal to the 
logarithm of the number multiplied by the index of the 

4. The logarithm of a root of a number la equal to the 
logarithm of the number divided bj the index of the root. 

5. The logarithm of a fraction ia equal to the logarithm 
of the numerator minus the logarithm of the denominator. 

6. In dividing modified logarithms add a number to the 
positive and negative characteristica go that the resulliug 
logarithm will have — 10 following the logarithm. For 
example if S.36T4B — 10 is to be divided by 3, the It^arithm 
should be written 28.36748 — 30; and dividing by 3 we 
have 9.45583 — 10. 

Reverse the operation when multiplying modified loga- 
rithms. 

7. The characteristic of the logarithm of an integer is 
always one less than the number of digits in the integral 
part of the number. 

8. The characteristic of the cologarithm of a number less 
than unity (a decimal) is equal to 10 minus the number of 
the place to the right of the decimal point occupied by the 
first significant figure. 

TABLE II. I4)aABITHX[IC FtTHCTZONS OF ANGLES. 

— To avoid the use of negative characteristics the loga- 
rithms of the functions of angles are written as cologa- 
rithms, 10 being addi^d to the characteristic of each loga- 
rithm. In adding the logarithms of the functions of angles 
the correct n»imher of tens should be subtracted from the 

For angles from 0° to 45° and from 135° to 180° the 
headings at the tops of the columns are to be used ; while 
from 45° to 90° and from 90° to 135° the headings at the 
bottoms of the columns are to be used ; the minutes being 
read from the top down on the left of the page, and from the 
bottom up on the right of the page. 

In using the logarithmic fimctions of angles in connec- 
tion with logarithms of numbers it should be remembered 
that the logarithmic functions of angles are cologarithms 
and that 10 should be subtracted from each logarithhiic 
function. 
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TABLE m. NATUBAL TtTNCTIONS OF ANOLES.— 
For angles from 0" to 45° and from 133° to 180° the head- 
ings at the tops of the columns are to be used ; while from 
45° to 90° and from 90° to 135° the headings at the bottoms 
of the columns are to be used ; the minutes being read 
from the top down on the left of the page and from the 
bottom up on the right of the page. 
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